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NOTICES 

Silver Medal 

The first meeting of the new Council was signalised by the award of the 
Society’s Silver Medal to Mr. R. J. Mitchell, Mr. P. A. Ralli and Captain G. S. 
Wilkinson for their services to aeronautics in connection with the design of the 
S.5, which won the Schneider Trophy of 1927. The announcement of this award 
was made by the Chairman at the banquet given to the Schneider Trophy team 
on Tuesday, October rith, at the Savoy Hotel, by the Royal Aeronautical Society, 
the Royal Aero Club, the Air League of the British Empire and the Society of 
British Aircraft Constructors. ; 


Donation 

The Council desire to acknowledge gratefully the donation of 4,250 by the 
Society of British Aircraft Constructors. This is the third vear in succession that 
the Seviety of British Aircraft Constructors has made this generous donation. 


Election of Members 
At a meeting of the Council held on October 11th, 1927, the following were 
elected :— 
Associate Fellows.—Mr. J. Adam, Mr. A. N. Clifton, Squadron-Leader 
T. England, AV P.C;, Cav. E. Lanzerotti-Spina, R.I-N-C., 
and Flight-Lieutenant G, E. Wait, R.C.A.F. 
Associates.—Mr. C. B. Collins, Mr. H. H. Schonburg, Mr. G. J. Rayner, 
and Mr. C. H. Lowe-Wylde. 
Students. —Mr. J. O. Mortlock and Mr. G. H. Newberry. 


Member.—Mr. E. F. Spanner. 


Associate Fellowship Examination 

The filth examination for Associate Fellowship of the Society was held on 
September 20th, 1927. The papers set were published in the October number. 
One candidate only, Mr. H. Shadwell Hooper, was successful in both the papers 
which he submitted. 


Informal Discussion 

An Informal Discussion and Dinner will be held at the Royal Aero Club 
on November 15th at 7.30 p.m. The discussion will be entitled ‘* Are Acre 
Engines Reliable? *’ and will be opened by Mr. F. A. Foord and replied to by 
Mr. Alan Chorlton. Members who desire to be present should give early notifica- 
tion as the number of tickets is strictly limited, 


Obituary 


Mr. T. W. Rogers, a Founder Member, died on September 23rd, 1927. 
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Journal 

On and after January 1st, 1928, the price of the Journal will be increased 
to 3s. 6d. per copy, or 3s. gd. post free. The subscription per annum will be 
£2 4s. 6d. post free. Owing to the increasing number of papers read before the 
Society and the increasing number of technical articles being published in the 
Journal, its size will be considerably greater than it has been in recent years. 


Students’ Meeting 

The inaugural meeting of the Students’ Section will take place at 6 p.m., 
November 18th, in the Library of the Society, when Mr. W. S. Farren will 
read a paper on “ Aeroplane Design in the Light of the Lanchester-Prandtl 
Theory.”’ After the lecture a number of important points affecting the students 
will be raised, and it is in the interests of all that there shall be as full an 
attendance as possible. 


Library 

The attention of members who make use of the Library is called to the fact 
that it is frequently possible to obtain from .the Central Library for Students 
the loan of books outside the immediate scope of, or for any reason not included 
in the Society’s Library. Application for any books required should be made in 
writing to the Hon. Librarian and addressed to 7, Albemarle Street, W..1. 

In a similar connection members are informed that the Society has joined 
the recently founded Association of Special Libraries and Information Bureaux 
{generally known as A.S.L.1.B.). The primary aim of A.S.L.1.B. is to act as an 
international clearing house for sources of specialised information in science, 
technology, industry, and indeed all departments of knowledge. In other words, 
A.S.L.1.B. will endeavour to ‘* serve as an information bureau of information 
bureaux ’’?—it will not itself undertake to answer inquiries, but will strive to 
direct the inquirer to special libraries or institutions where it is most likely that 
the required information may be obtained. The first important step in_ this 
direction will be the ‘* A.S.L.1.B. Directory of Sources of Specialised Informa- 
tion,’? which is now in a forward state of preparation, and a copy of which will 
be placed in the Society’s library when published. 

The following books and pamphlets have been received recently and placed 
in the Library 
Reports and memoranda of the Aeronautical Research Committee : 

No. The Distribution of Normal Pressures on a Prolate Spheroid,’’ by 

R. Jones. 

No. 1063. ‘* Model Experiments on R.ALF. 31 Aerofoil with Handley Page Slot,” 

by H. b. Irving, .\. S. Batson, and D. H. Williams. 

No. 1064. ** Effects of Stagger and Gap on the Aerodynamic Properties of Biplanes 

at Large Angles of Incidence,’? by H. B. Irving and A. S. Batson. 
No. 1075. ‘* Lateral Stability at Low Speeds,’’ by S. Scott Hall. 
No. 1078. ** The Application of the Algebraic Formulz of R. and M. 1056 to 
Problems of Aircraft Performance,’’ by W. G. Jennings, N. E. Rowe, and 
1. Bowen. 

No. 1083. “The Influence of the Airscrew on the Aireraft Characteristics of a 
Standard Bristol Fighter Aeroplane,’? by W. G. Jennings. 

No. 1085.‘ Lift and Drag of the Bristol Fighter with Fairey Variable Camber 
Wings,”’ bv E. T. Jones, L. E. Caygill, R. G. Harris, and H. M. Garner. 
No. 1086. ** Wind Tunnel Tests with High Tip Speed Airscrews,"" by G. P. 

Douglas and W. G. A. Perring. 

No. 1087. ‘* Wind Tunnel Tests on Aerofoil R.A.F. 34 at Negative Incidences,” 

by A. S. Hartshorn. 

No. Preliminary Report on the Fitting of Slots and Flaps and Slot-and- 

Aileron Control to a Bristol Fighter,’’ by H. L. Stevens. 
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No. Full-Seale Pest of Slot and Aileron Control on a Woodcock.’ by H. 
L. Stevens. 
No. togo. ** Further Wind Tunnel Tests of a Slot and Aileron Control on a Wine 
of R.A.F. 31 Section,’’ by A. S. Hartshorn. 7) 

No. togt. ** Wind Tunnel ‘Tests with High Tip Speed Airserews,"’ by G. P. 
Douglas and W. G. A. Perring. 

No, 1093. ** XV Non-Dimensional Form of the Stability Equations of an Aeroplane 

No. ** Full-Scale Determination of the Angle of Downwash below an Acro- 
plane,”’ by Jones. 

No. tog5. “Theoretical Relationships for an Aerofoil with Hinged Flap,”* by H. 
Glauert. 

No. 1096. ** Full-Scale Measurements of Lift and Drag of the Fokker F. VII, 3M 
Monoplane,"* by J. Hardy. 

No. 1ogg. Discussion of the Law of Variation of Engine Power with Heighi, 
by H. Glauert. 


\eronautics. Report of the Neronautieal Research Committee for the Year 1920-27 
Fechnical Report of the Aeronautical Research Committee for 1925-26. 
Fechnical Notes of the National Advisory Committee for Aeronautics of the United 
States : 
No. 257. Peehnical Preparation of the Airplane * Spirit of St. Louis,’ by 


No. 258. Warning Concerning the Take-Off with Heavy Load.’ by E.G. 
Reid and T. Carroll. 
a new Corrosion Resistant \Juminium by H. Dix. 


No. 259 

No. 260. Study of Open Jet Wind Tunnel Cones,”? by F. Wieck. 

No. 201. ** Pension Experiments on Diaphragm Metais,’? by H. B. Henrickson. 
No. 202. Installation and Correction of Compasses by F. 


Schocffel. 

No. 2603. Load Factor Formula,’* by R. G. Miller. 

Reports of the National Advisory Committee for Aeronautics of the United States : 

No. 247. Pressure of Mir on Coming to Rest from Various Speeds,** by A. F. 
Zahm. 

No. 202. Friction of Aviation Engines,”? by S. W. Sparrow and M. A. Thorne. 

No. 263. * Preliminary Flight Tests of the N.A.C.A. Roots Type Aircraft Engine 
Supercharger,’? by A.W. Gardiner and Reid. 

No. 264. * Differential Pressures on a Pitot-Venturi and a Pitot-Static Nozzle over 
260° Pitch and Yaw,” by R.. M.. Bear. 

No. 200. ¢ Air Foree and Moment for N-20 Wing with Certain Cut-outs,"’ by R. 
Hl. Smith. 

No. 267. ** Drag of Wings with End Plates,”’ by P. E. Hemke. 

No. 268. ** Factors in the Design of Centrifugal Type Iniection Valves for Oil 
Engines,’ by W. F. Joachim and Beardsley. 


British Engineering Standards Association. 

List of British Engineering Standard Specifications for .ireraft) Materials and 

Components : 

B.E.S.AL Schedule of Standard Test Pieces (2-\.4..\ug. 1927). 

ss-Ton Alloy Stee] Bars (2S.2..\ug.1927). 

Carbon Steel (Normalised) (28.6. 1927). 
-Ton Nickel Chrome Steel (3S.11..Aug. 1927). 
‘arbon Case-Hardening Stecl (25.14..\ug. 1927). 
Per Cent. Nickel Case-Hardening Steel 
Carbon Steel (28.21..\ug.1927). 
Vir Hardening Nickel-Chrome Steel (28.28..\ug. 1927). 
High Chromium Steel (Non-Corrosive) (46-52 tons per sq. 
High Chromium Steel (Non-Corrosive) (35-45 tons per sq. 
65-Ton Nickel Chrome Steel (S.65. Aug. 1927). 
= Per Cent. Nickel Casc-Hardening Stecl (5.67..\ug. 1927). 
16 Per Cent. Tungsten Steel (S.08..\ug. 1927). 
3) Per Cent. Nickel Steel (S.09..\ug. 1927). 


Carbon Stecl (Normalised) (S.70..\ug. 1927). 


in.) 1927). 
in.) (S.61..\ug.. 1927). 


\. Hall, 
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Carbon Steel (Normalised) 
" Carbon Steel (Hardened and Tempered) ($.76.\ug.1927). 
Carbon Steel (Hardened and Tempered) ($8.77.\ug. 1927). 
5°’ Carbon Steel (Hardened and Tempered) ($8.79. Aug. 1927). 
High Tensile Steel Wire (3W.1.Aug.1927). 
Flexible Wire Rope (4W.2..A\ug.1927). 


ible Steel Wire Rope for Kite Balloon Cables (3W.6.Aug. 1927). 
Memoirs of the Roval Meteorological Society :- 


X 


No. gg. ** On Periodicity and its Existence in European Weather,’ by G. T. Walker. 
No. to. ** Mean Cloudiness Over the Earth,"’ by C. E. P. Brooks, 
Miscellaneous Publications :— 

Jahrbuch der Wissenschaftlichen Gesellschaft fir Luftfahrt,"’ 1926, No. 14. 

** Handbuch der Autogenen Metallbearbeitung unter Berticksichtigung der Elektri- 
schen by T. Kautny. 

* Climate and Geography,”* by O. J. R. Howarth. 

War Birds. Diary of an Unknown Aviator. ”’ 

* The Great War in the Air,’* by E. Middleton. 

* The Beginnings of Organised Air Power,’ by J. M. Spaight. 

* Etude Thermomagnetique de quelques composes paramagnetiques anhydres a 
Vetat by P. Theodorides. 

** Mouvement de by V. Hlavac. 

Magnetic Fluctuations and Sunspot Frequency,’ 
Memoirs No. 36. 

** Proposed Standard Procedure for Computing Flight-Test Climb Data,” by L. V. 


rad 


by J. M. Stagg. 


Cat ophysical 


IXerber. 
\ir Ministry Pamphlet 15. th Edition. ‘* Regulations in Regard to the Entry and 
Training of Aireraft Apprentices, R.ALF.”’ 
India by by S. Hoare. 
** Sound,’’ by G. Richardson. 
* Airplane Design, Areodvnamies,"’ by FE. P. Warner. 
I 
We--Pilot and Plane,”’ by C. A. Lindbergh. 
* Untersuchung tiber die Geschwindigkeitsverteilung in Turbulenten Stromungen,”’ 
by J. Nikuradse, 


Branch Notes 


See pages 1obt—1065. 


Forthcoming Arrangements 

Thursday, November 3rd, 7.45 p.m.—Joint Meeting with the Institution ot 
Automobile Engineers. Mr. H. B. Taylor, A.F.R.Ae.S., ‘S High-Speed 
Compression Ignition Research.’’ 

Thursday, November 17th, 6.30 p.m.—Mr. R. K. Pierson, A.M.Inst.C.E., 
F.R.Ae.S., ** The Use of the Wind Tunnel in the Prediction of Aero- 
plane Performance.” 

Thursday, November 24th, 6.30 p.m.—Major C. J. Stewart, O.B.E., 
M.1.Mech.E., F.R.Ae.S., M.LA.E., Modern Developments in Aircraft 
Instruments.’ 

Thursday, December rst, 6.30 p.m.—Major J. D. Rennie, A.R.T.C., 
A.M. Inst.C.., B.LR.Ae.S., ‘ The Problem of the Long Range Flying 
Boat.”’ 


J. Laurence PrircHarp, Honorary Secretary. 
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OBITUARY 
CHARLES MatTTHews MANLY 


By the death of Charles Matthews Manly, on Ottober 17th, at the carly 


ave of fifty-one, aviation has lost one of its most brilliant pioneers. 


Charles Matthews Manly will best be remembered in the history of 
aviation as the engineer assistant to Professor S. P. Langley when the 
latter Was constructing his famous ** aerodrome.’’ Manly was appointed 
Assistant to Langley in June, 1898. After failure to get an engine of low 
weight per horse-power built, Manly undertook the construction of such 
an engine, and in a few months, after two years had been spent in fruitless 
attempts by other engine designers, Manly produced his first: engine of 
185 hop. weighing 1o8 Ibs., cooled by wrapping wet cloths round the 
cylinders. Later, this engine was modified and provided with water jackets 


and developed 215 h.p. and weight 120 Ibs. A final engine was constructed 
weighing 187.5 Ibs. and developing 32.4 h.p. at 950 r.p.m. This was prac- 


tically the first successful aero engine ever built and was a remarkable 
advance on any engine of the time. 


Charles Manly was a man of great courage and great. persistence. 
He beheved in the machine and its engine, and undertook to be the pilot 
when it was launched on its first disastrous attempt on October 7th, 103. 
Undeterred by the failure of this attempt, in which the pilot fell with the 
machine into the water, he made a second attempt on December 8th, 1903, 
with a similar result. As Manly himself wrote afterwards, ** 1 decided to 
take a chance”? How great that chance was every pilot will know, and il 
any man ever deserved success it was Charles Matthews Manly. 


Charles Manly was the inventor of over fifty improvements in connection 
with motor transport, 


He was in advance of his time in many ways and missed a great success 
by a very small margin. Whatever controversy has arisen over the Lang! 
machine, whatever criticisms may be given of it in the future, Manlv's 


name will always remain as one of the great pioneers who blazed the way 
towards fhe success of the aeroplane as it is. 
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CORRESPONDENCE 


October 3rd, 1927. 
J. Laurence Pritchard, Esq., Hon.F.R.Ae.S., 
The Royal Aeronautical Society, 
7, Albermarle Street, 
Piccadilly, London, W.1. 
Dear Mr. Laurence Pritchard,—Wing Commander Cave-Browne-Cave 


kindly called my attention to certain statements in the published account in the 
August issue of the Journal of my recent lecture on Airships before the Westland 
Aircraft Society. Some of these statements need correction and others call for 
additional detail, but before referring to them I should like to point out that 
the lecture was of so general a character that it would require a very lengthy 
“addendum ”? indeed to fully explain all points and bring it up to the usual 
technical standard of a contribution to the Journal. 


I feel, therefore, that the following amendments might, with advantage, 
be included in a forthcoming issue, but as time did not allow of full technical 
details being referred to during the lecture, any deeper technical explanations or 
amendments would be out of place now. So many points, too, are still matters 
of individual opinion that further details might only lead to discussions which 
I consider would be better left to papers dealing with specific chapters of the 
airship story.—-Yours sincerely, 

H. B. Wyn Evans. 


CORRIGENDA TO LECTURE ON AIRSHIPS BEFORE THE WESTLAND AIRCRAFT 
Society, BY Mr. H. B. Wyn Evans 


Page 772—second paragraph, 


The iron is not strictly a catalvtic agent as it is alternately oxidised and 
reduced as explained later on in the same paragraph. 


Page 773—middle (c). 


The rigging is attached to the two top ric 


1 
i 


ges only and passes through the 


g 
bottom ridge. 


Page 775—lop. 

The top valve was for emergency only. The three manceuvring valves 
were underneath, the aftermost being only a gas valve. 
Page 775—middle. 

The majority of the C, Stars had a 1oo h.p. Berliet forward and a 220 h.p. 
Renault aft. The latter was replaced by a 240 h.p. Fiat in the later ships. 

The fabric of the top lobe of the Coastals was B.C. and had 60 grammes 
per sq. metre proofing on the outer surface. 
Page 777—top. 

The booms of the keel were universely jointed, but braced so as to give 
freedom about the transverse axis only to allow of the keel adjusting itself ta 
the different loads. 
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The Secretary, Roval Aeronautical Society. 

Mr. Wyn Evans has made certain corrections to the record published in 
the Journal of his lecture to the Yeovil Branch. There are in addition, how- 
ever, certain other points which although he tells me he considers them of minor 
importance, should in my opinion be corrected in order to bring the lecture nearer 
to the star ¥" ird which it is desired that the Journal should maintain. 


Page 771——middle. 

“blimps . . . and their slightly larger brethren, the North Seas and 
Coastals.’’ The latter were some five and three times, respectively, the capacity 
of the S.S.’s 


Page 771—bottom. 

The loss by using helium is far better represented as a percentage loss of 
useful lift rather than of gross lift. In the case of R.34 the loss of lift by using 
helium instead of hydrogen of the same purity would be 7 per cent. of the gross 
lift, but 25 per cent. of the useful lift available. 


Page 772—middle 

The problems of lift are very far from identical with the problems. of 
ieee in water. The only similarity 1s so greatly modified by changes of 
density that the comparison is very dangerous. 

The variation of lift may be simply described by saying that the upward 
static force on the airship—her gross lift—is proportional to the volume of gas 
she contains multiplied by the difference in density of the gas and the surrounding 
air—te., V(pa—pn). It is not difficult to understand how each of these factors 
varies with height, barometer, temperature and gas purity. From this the 
variation of lift can be simply determined. 


Page 775—middle. 


The Coastals were rigged generally on the Torres principle. They were 
certainly not built to Torres designs. 

The car suspensions were not tangential to the two bottom lobes. There 
were two anti-rolling guys to each side lobe, but these were normally slack to 
allow for change of envelope shape with change of pressure. There were no 
riggings to the apex of the triangle. 

Page 776—near top. 


rhe rigging of the Coastals was not fitted on at all the same principle as 
that of the S.S. ships. Both in detail fittings and in subdivision for distribution 
of load, it was fundamentally different. 
Page 776—middle 

‘This saving of fabric weight has been proved to more than offset the 
weight the keel.’? This statement, if justified at all, should be restricted to 
ships of more than a certain size—say, 500,000!t. 


The description of British non-rigid airships as it) stands is rather ill- 
balanced, as it omits any consideration of the North Sea Class, which consti- 
tuted an advance of considerably greater technical interest than did the earlier 
types. With the single exception of the Zeppelin fight from Jamboli to Khar- 
toum and back, the North Sea Class held the endurance record tor all classes 
until the flight of R.34 to America. 


T. R. Cave-BROWNE-CAVE. 
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PROCEEDINGS 


First MEETING, First HALF, 63RD SESSION 


The First Meeting of the Sixty-Third Session of the Royal Aeronautical 
Society—being the first meeting under the auspices of the Amalgamated Society 
—was held in the Theatre of the Royal Society of Arts, 18, John Street, Adelphi, 
W.C.2, on Thursday, October 6th, 1927, when Mr. F. Handley Page read his 
paper on *‘ Aviation.’’ Colonel the Master of Sempill, Chairman of the Socicty, 
was in the chair. 

Colonel THe Masrer or Sempitt: Before 1 embark on the easy and very 
pleasing task of introducing the lecturer this evening I should like to make a 
few remarks about the wonderful victory that has been achieved by the winning 
of the Schneider Trophy at Venice. This great victory naturally gives con- 
siderable satisfaction to everyone, and in particular this Society, as those con- 
cerned with the design and production of the Supermarine seaplane and Napier- 
Lion engine are prominent members of the Society. The results undoubtedly 
reflect the greatest credit on all concerned and show to the world at large what 
can be done by British pilots and British aircraft when a real effort is made. 
During the past vears the Society has played its part in pressing the authorities 
to make a national effort to recapture the Trophy, as only by such an effort could 
success be achieved. 

Mr. Handley Page's inaugural lecture opens the 63rd Session, and_ this 
Session will be a notable one in that it marks the completion of the negotiations 
that have been proceeding for some vears between the two bodies dealing with 
the scientific side of aeronautics. These two bodies have now amalgamated 
and the full title of the amalgamated body is ‘* The Royal Aeronautical Society 
with which is incorporated ** The Institution of Aeronautical Engineers.” 


I can very truthfully say that everyone concerned welcomes this amalgama- 
tion as it is undoubtedly, for the good of the aeronautical movement as a whole 
that we should get together and show a united front. I should like to say, too, 
how very helpful Colonel Moore-Brabazon and those concerned with him = have 
been during the whole of these negotiations. 


I know you would like to show your appreciation of the public-spirited way 
in which seven members of what I may term the ‘* old Council’? have voluntarily 
resigned to make way for seven representatives who were prominent in the 
Institution of Aeronautical Engineers. The names of all concerned are reported 
in the October number of the Journal. 

Returning to the lecturer, it is unnecessary for me to say anything about 
him, and in any event it would be difficult for me to tell you anything that vou 
do not already know. IT have, however, looked back through the ari hives of 
the Society and find that Mr. Handley Page has been associated with it for some 
twenty vears. Nearly twenty years ago he wrote to the secretary of the day the 
following interesting letter 

“With reference to the experiments I have carried out, the results | 
have obtained are mostly of a qualitative and not quantitative nature. 

Sufficient data has not been obtained under varying conditions to enable 

paper to be brought out. 

‘*] should much prefer to have a conversation on the subject with Mr. 

Weiss, with whom I am as vet unacquainted, and should esteem it a great 

favour to be put into communication with him. 
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‘*T should be then in a better position to judge whether anything IT have 
done is of any value, as I] know in other classes of engineering work that 
one’s own researches are usually very small in other people's eves. 

Yours faithfully, 
** (Signed) F. Hanprry Pace.’’ 


I think vou will agree with me that if there was any doubt then as to the 
value of Mr. Handley Page's contribution to aeronautics, such a doubt has been 
removed a long time ago. The perfection of the Handley Page slot device marks 
a very definite step forward. Its application should be very wide and it makes 
for, what we all know is of fundamental importance, substantially greater satety 
in flight. 


AVIATION 


BY HANDLEY PAGE, .C.B.E.,. FoR. 


Introduction 


I should like to say at the commencement that our Chairman should: really 
have been addressing you to-night instead of myself, but as he has not had time 
to write a paper, 1 am here as a substitute. 

With the opening of the present Session of the Royal Aeronautical Society 
a new sphere of its activity is entered upon in that it welcomes into its circle 
the membership of the Institution of Aeronautical Engineers. Jt is an appropriate 
time, therefore, that we should review the progress of aviation to date and draw 
some comparison between this progress and what has occurred in other branches 
of transport, examine the state of the art to-day, and see whether the progress 
which is being made is as rapid as it might be if we had a clearer conception of 
what the ideal aeroplane is likely to be in the vears to come, and had our minds 
more firmly fixed on the ideal. 

The time for such review is also appropriate in that the influence of wartime 
development is passing, and the more solid work of basic scientific research 
applied to practical development in construction is now having a marked etfect 
on aircraft design. 

Further, in view of the rapid expansion of foreign-owned and subsidised air 
services and the approach of the second half of the ten years’ contract, under 
which our State assistance to air transport is now given, it is also appropriate 
now to consider the progress made in commercial flying and see how near is the 


possibility of civil aviation ** flying by itself.”’ 

State support must be a temporary necessity warranted only just so long as 
aviation either of this country or another gives promise of reaching a self-sup- 
porting or nearly self-supporting condition. It is only when self-support is reached 
that an untrammelled and really great expansion of air services can take place. 

If now we examine the progress of aviation from its birth in 1903 with the 
first successful flights of the Wright brothers, we watch the slow pre-war progress 
followed by the hot-house forcing growth during the war when the urgent demand 
for production at all costs made impossible the inclusion of any radical experi- 
mental developments and progress really moved along stereotyped lines. 


Since the war there has remained with us the effects of the deep impressions 
created by wartime experience, and the memories of wartime exploits have 
engendered amongst pilots a rare and lasting affection for certain types of aircraft 
and for certain ideas in operation which have taken years of the colder light of 
peacetime analysis to change. 
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Now we are beginning to see incorporated in design much that has evidently 
had its mainspring in technical research, and it is to be hoped that in the coming 
vears we shall see an increasing advantage taken of the fundamental scientific 
progress which has been made in this country with a consequent rapid develop- 
ment of aircraft design. 

The progress of the past vears is best illustrated by the world’s records 
which have been gained from year to vear in the highest speed attained, the 
highest height reached, the longest distance flown, and the longest time which 
an aircraft has staved in the air. 

The most noteworthy point which one cannot pass over in making a review 
is the re-entry of this country into the international field as the holder of the 
most Sought-after record in the aviation world, namely the highest speed attained 
in the great victory which Webster achieved in the Schneider Trophy. It is note- 
worthy for the wonderful co-operation which there has been between our Air 
Ministry, the constructors, and all) concerned in achieving the great result. 
\mongst so many who have contributed to this, we in the Aeronautical Society 
may be permitted particularly to congratulate Mr. Vane and his engineers of the 
Napier Company, Commander Bird and Mr. Mitchell, the chief designer of the 
Supermarine Company. 

If this progress has been made in twenty-four vears of flying, what limits 
are we likely to reach, what increases in performance are probable in the near 
future, to what improvements in efficiency can we look forward so that the cost 
of flying can be reduced to a commercial level? I would direct attention towards 
some of the aircraft details on which improvements are possible, improvements 
which in the aggregate will have a marked effect on aviation development. 

The following are some of the principal divisions of the subject with which 
I will deal, and after consideration I will indicate a moderate forecast of what we 
may expect in the future. Thereafter I will review the effect which such improve- 
ments may have on the operation of civil aircraft and make some comparisons 
with what is achieved to-day. 

Phe three main divisions of aircraft design to which I would direct our 
attention are those relating respectively to :— 

(1) The structural design. 

(2) The aerodynamical design. 

(3) The power unit and airscrew. 

(4) The design from the user’s point of view. 

(1) It is a matter of extreme difficulty to obtain accurate statistics as to 
what is or what is not comprised in the structure weights of aircraft whose 
weights are analysed. From the academic point of view the aircraft structure 
should include in its figures of weight nothing except what is required solely 
from the point of view of carrying the weight into the air. As a rule, however, 
the design has to be modified to make provision for special equipment, and the 
weight of the attachments and the special parts necessary for this equipment 
are difficult, if not impossible, to separate from that of the general structure. 
If, however, the survey is made on the broadest possible lines, it may be stated 
that for similar types of machines with similar factors of safety there has not 
been any very striking improvement in structure weight percentages during the 
last few years. In fact, if anything there has been a tendeney for structure 
weight percentages to increase, due to more rigid requirements in regard to 
factors of safety. Whilst weight-saving has been effected in the main structural 
members by the use of metal construction, there has often been increases in the 
weights of the secondary structure which have more than offset the other gains. 
One may therefore say that unless further improvement is made in the materials 
from which the structural members are built, there is no great hope of a reduction 
in the structure weight percentage. 
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One fact is, however, certain that all-metal aircraft will eventually replace 
those built in wood owing to their greater durability and smaller cost of upkeep. 

The research and development work which has been made in steel as well 
as light alloys during the past vears gives great hope that the necessary improve- 
ment in materials will be forthcoming. Progress in drawn steel tube may cause 
a tubular construction in steel to be a very active competitor in the future with 
the built-up strip construction. For example, solid drawn tubes to Spec. T.2 can 
be obtained in 30 gauge which after heat treatment give up to 90 tons tensile 
strength per square inch. Then, too, there has been a great development. in 
steels suitable for welded construction, a method once looked upon with disfavour 
as uncertain in result and containing a probable hidden cause for ultimate failure, 
but now coming once more into favour owing to its simplicity in construction. 
Steels can now be obtained to give 35-40 tons per square inch after weldine, 
and a particular development which should be watched for its ultimate utilit, 
is the use of the non-corroding or stainless steel (Spec. D.T.D.60) to give a 
strength up to 60-70 tons per square inch and 4o tons after welding. 


BEARDMORE COMPRESSION-IGNITION ENGINE. 


Greater possibilities lie in the use of the light metals and their alloys. The 
alloys of aluminium and duralumin in particular have been widely used in_ this 
country, and the future improvements are likely to arise from the use of the 
lighter metal magnesium and some of its alloys. Magnesium has the great 
advantage over aluminium in so far as this country is concerned in that there is 
a plentiful supply of the raw material, magnesite or magnesium carbonate being 
available in large deposits in this country and in Ireland and there are still further 
supplies of magnesium calcium carbonate, 

Magnesium is now being made alloved with aluminium nearly as cheaply as 
aluminium bulk for bulk, and it can be protected by a treatment similar to the 
anodic treatment. This is not so protective to the metal as the anodic treatment 
is to duralumin, but it is a good foundation for further painted protective covering. 
Whereas some short while back magnesium corroded very rapidly and hardly 
withstood a month's exposure without excessive pitting, one can say now that 
the life has been extended to six months. 

The great advantage, of course, of magnesium and its alloys is its light 


n 
weight, it being only two-thirds the weight of aluminium and suitably alloyed 
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will give tensile and compressive stresses practically as high as the alloyed 
heavier material. Its modulus of elasticity is, however, less, practically in ratio 
of the weights of the material, so that there would be no advantage in the 
employment of magnesium over aluminium in the case of long struts. 

Another most interesting material, if sufficient supplies only could be found, 
is the element beryllitm, which with a specific gravity of 1.84 has a hardness 
sufficient such that one can scratch a piece of glass with it, and the high melting 


point of 1280°C. The properties of this metal are now being investigated, and 
it is early days to speak as to whether its qualities would be such as to make it 
of outstanding merit for aircraft structures. At the present time with a cost of 


upproximately £5 per kg. weight—approximately the same price as_ silver 
it is somewhat beyond the reach of even the most plutocratic Air Ministry or 
constructor. 


I] have only briefly touched on some possible new materials. The use of 
aluminium for tanks has already resulted in a great saving in weight. ‘Tanks 


have also been successfully made welded up in magnesium so that a furthe: 
saving in weight should be possible if magnesium is successfully produced and 
protected against corrosion, 

I have only referred to these few instances of developments proceeding or 
possible in the future. It is evident that along the avenue of the commercial 
exploitation of new or improvement of old materials that success will be reached 
in diminishing the structure weight of the aircraft. 

If one were to hazard a forecast as to the saving which might be effected, 
it would seem that for a normal size of commercial aircraft a structure weight 
percentage of not more than 274 per cent. should be reached. 

(2) If we turn from the construction of the structure to the aerodynamic 
characteristics of the aircraft, there is a wider field for improvement. 

The aerodynamical results obtained from an aeroplane depend, unfortunately, 
not merely on the characteristics of the wings determined in model size in a 
wind tunnel and applied to full scale design, but also upon the resistance due 
to the body and the projections which are forced upon the design due to the 
user’s requirements. Very often the user’s requirements for equipment are bascd 
upon equipment designed by specialists who have designed similar equipment 
for other but slower methods of transport which have preceded the aeroplane. 

It takes many vears to change the fashion of the user’s requirements, not 
merely in aviation but in every other form of transport that the world has seen. 
If one looks at the first locomotives, their appearance is that of a boiler-house 
placed on wheels with the tall chimney-stack associated with a stationary boiler- 
house. Gradually, as time passed, the inherent requirements of locomotive opera- 
tion became of greater importance than the fashions of the past, and designs 
changed until we see in the latest type of locomotive designs essentially evolved 
for high-speed operation. 

In a similar way one can follow the evolution of the motor-car. It starts as 
a horse carriage with engine attached and passengers seated on the top of a 
high kind of moving platform. Eventually the design evolves itself into a vehicle 
in which both driver and passengers sit completely protected from the elements 


and from the dust of the road, and no longer before undertaking a motor-car 
journey do travellers dress up like Arctic explorers on a polar expedition. 
The development of the ship goes through exactly the same stages. — First 


the open boat, then the house transferred almost bodily, with its windows and 
roof, and placed to protect the vovagers on top of the body structure; and lastly 
the battleship or high-speed commercial vessel with fine lines. 

If now we look at the aircraft of to-day, we think with wonder of the 
scientific research that has been expended and the mathematical analysis that 
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has been conducted to evolve wing sections and plane forms with smallest values 
possible for minimum drag, for moment at zero angle of lift, and ones that have 
the highest lift coetlicient. When one looks at the fuselage, one sometimes 
speculates whether it must not have been a different set of engineers or a different 
race perhaps that were responsible for open cockpits, projecting gun rings and 
guns, pumps, and other excrescences which, projecting from the fuselage, add 
resistance to good and bad machines alike, and tend to reduce all aircraft to one 
common level of inefficiency. 

Look again at those prehistoric flying creatures, the archeeopteryx and ptero- 
dactyl, which with their extraordinary construction show how nature in the earliest 
days of bird development had much to learn in aircraft construction and diminution 
of head resistance. Compare these with the graceful outlines of the albatross 
or the eagle in flight and one sees the vast improvement that nature has made in 
the long millions of years of her natural development. 
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It we are really to improve in performance whether for commercial or military 
aircraft, we must produce aircraft fine lines. To achieve this we must reduce, 
as far as possible, our overall size, and if this is only possible with equipment 
of smaller dimensions, then equipment must be designed to fit in with the per- 
formance that is required. Means have to be evolved for operating armament 
and using equipment without the large holes and other resistance-causing pro- 
jections that still remain with us in present-day machines. 

Compare the cockpit of a modern aircraft with that of a pre-war design 
and we can see at once how far improvements can still be made provided if those 
who pilot aircraft are content to use other means of view than those we employ 
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to-day. It is evident that eventually in both military and commercial machines 
pilots, as well as the crew or passengers of the aircraft, must be totally enclosed, 
being given adequate means of vision, cither by seating them well forward in a 
closed cabin without obstruction in front of them, or by some periscope device, 
so that a true vision can be obtained without resulting head resistance. For 
fighting or for leaving the machine by parachute, evidently some quick removable 
hatch would be necessary. The end must, however, be the same as in the motor- 
car, Where, instead of the unprotected outdoor seats of the past, passengers now 
demand and are provided with closed saloons, and the driver, too, sits in an 
enclosed compartment. 


We have to do away, too, with the head resistance of the chassis, useful 
only in landing and not required in the air. Once again we must remember 
that nature has accomplished this in the bird, which in flight folds its wings 
under its tail, The mechanical difficulties are probably no greater than those 
which occurred in the motor-car development when the change over was made 
from chain drive to propeller shaft and back axle on the old motor-car. The 
obvious advantages are so great that the mechanical problem will, without a 
doubt, be overcome. 


giving the relation between the 


At the present time the slide which 1 show, ¢ 


equivalent speed and h.p. per unit wt. 
xi/d 

shows the curve deduced from one of the best examples of efficient aircraft of 
to-day—the maximum value of x/;d of just over 7. If we can more success- 
fully deal with interference effects between body and winds and eliminate these 
excessive head resistance items, there is no reason why we should not increase 
the value of this factor to, perhaps, 10 or even 12 at climbing speeds, and have a 
correspondingly increased value at top speed of, perhaps, 7 or even 8. Such a 
result will, however, not be achieved unless the pilot is persuaded of the possi- 
bilities of increased performance attendant upon flying in closed-in cockpits and 
equipment and instruments are redesigned on a smaller scale to permit of smaller 
fuselages being used. 

There is another aspect of aerodynamical design which cannot be measured 
in figures, and that is the increase in safety and in control which must be a 
feature of future aircraft if an appeal is going to be made to a wider public to 
flv, beyond the relatively few adventurous spirits or enterprising tourists who 
form the bulk of commercial air travellers of to-day. The problem narrows down 
to what happens at and bevond the stall. It has received the very deep and 
continuous attention of our Aeronautical Research Committee, and the work of 
the National Physical Laboratory, the Royal Aircralt) Establishment, and Prof. 
Melville Jones has focussed attention on the “means by which complete control 
can be achieved up to, and beyond, the stall. I think it may be safely stated 
to-day that with the new automatic slot at the wing tips a very marked advance 
has been made and a satisfactory solution found to give lateral stability and 
control when the aircraft 1s stalled, without any adverse effect on high-speed 
performance. At the end of my paper I shall show a short film of an acroplane 
fitted with slotted wings, flying slowly alongside the deck of a ship. 

(3) I sometimes think that more progress has been made in the development 
made if long-distance non-stop flights and particularly if the trans-Atlantic 
services are to be made possible. For short duration flights of three or five 
hours the matter is not so important, but if the best petrol consumption obtainable 
per h.p. remains at the present figure of, say, .5 per h.p. per hour or thereabouts, 
a trans-Atlantic non-stop service is very much beyond the bounds of present 
possibilities. There is a battle here to be fought out between the Diesel engine 
using fuel oil and the ordinary petrol engine using a very high compression ratio 


of aero-engines than in the aeroplane itself, but great progress has still to be 
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with one of the special anti-detonating mixtures added to the spirit. The low 
figures of less than .35 pints per h.p. per hour which have been obtained with the 
Diesel type are somewhat offset by the heavier type of oi] used, but so far tlic 
chief difficulty with this type has been that its weight is somewhat greater than 
the petrol engine and can only compete with it when long non-stop flights have 
to be undertaken. On the other hand, extraordinarily low consumptions have 
been obtained with the ordinary petrol engine using a very high compression 
ratio and special anti-detonating mixtures. The great advantage, of course, of 
the Diesel engine is the use of the heavy fuel oil which greatly reduces the risk 
of fire. 
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The most important feature of the power plant that requires attention in the 
future is the propeller. It 1s extraordinary to-day that there are some engine 
makers who still hope to make successful aero-engines with the propeller directly 
coupled to the crankshaft. It seems most ludicrous in the case of the radial air- 
cooled engine whose large frontal area occupies such a large proportion of the pro- 


peller disc area, already unavoidably small in the direct coupled type. There is 
everything, with the exception of simplicity, to be said for the geared engine. .\ 


comparison of the relative efficiency of the geared and ungeared type of propeller 
clearly shows the aerodynamical advantage gained, Added to this it is possible to 
run up the engine revolutions and increase the power, thus making the engine revo- 
lutions independent of any question of propeller tip speed or other aerodvnamical 
considerations. The propeller can be made to give a good efliciency at slow speeds, 
a most important factor for commercial aircraft, particularly in the multi-engined 
machine where good thrust is required at a slower speed should one engine fail. 
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Yet the little extra difficulty of making the gear provides the aero-engine manu- 
facturer with a vast store of acrodynamical difficulties such as increased weight 
of the propeller and the gear, the increased height of the chassis to give the 
necessary propeller clearance with its larger diameter, etc., all of which he brings 
forth and describes in detail to the aircraft designer so that the latter may not 
lose sight of these most disadvantageous features. 

The improvement in propeller efficiency with geared engine is already reflected 
in the figure of »xl/d given in an earlier part of this paper, so a_ further 
numerical reference to this is unnecessary. It is difficult to forecast what may be 
ultimately possible in regard to fuel consumption, but let us hope that consumption 
not exceeding the .35 pints per h.p. hour may be a possibility, either with the 
Diesel or with the high compression petrol engine. 

(4) The user of the aeroplane is the one to whom more thought should be 
given. Future aircraft, military or civil, must embody more comfort for their 
occupants. Noise will only really be reduced when we use relatively less power 
in aircraft. This state of affairs will be reached when we have more efficient 
aircraft. Slow-running geared propellers and lower-powered engines will make 
matters much more comfortable for the passengers, so that in increasing 
efficiency we shall also increase comfort. There is no reason, however, why the 
call for greater attention to the pilot’s or passenger’s comfort should add to the 
power required, or impair the performance characteristics of the aircraft. 

Having now dealt with some of the improvements that may be looked fot 
in the future, we may summarise them as follows :— 

1. A structure weight percentage of not more than 27h per cent, 
2. An »x//d figure of 10 to 12 at climbing speed and 7 to 8 at top speed. 
3. A petrol consumption not exceeding .35 pints per h.p. hour. 

Let us see in what way such improvements would affect our commercial 
aircraft to-day. It is a reasonable assumption that with the increased efficiency 
that is forecast we shall be able to take off and fly satisfactorily with 25 Ibs. per 
h.p. of which only some 7 Ibs. per h.p. will be structure weight, leaving 18 Ibs. 
per h.p. to comprise the weight of our fuel and tanks, power unit equipment and 
useful load. With engine weights not exceeding, say, 1flbs. per h.p. with 
propeller included, the following are the figures of useful load which can_ be 
carried, such useful load including the weight of the crew and the equipment of 
the aircraft. 


TABLE I. 


Userut Loap In LBs./H.P. FOR VARYING DURATIONS OF FLIGHT. 


Duration of flight in hours 4 6 20 30 4o 
Wt. of fuel oil and tanks 

Ibs. /h.p. 1.4 2.4 7 10.5 14 
Weight of power unit ... 75 75 
Usetul load Ibs. /h.p. sa 14.85 14.15 9.25 5-75 2.25 


TABLE II. 
Userut Loap In Les. FOR VARYING DURATIONS OF FLIGHT. 


Duration of flight in hours 4 6 20 30 40 
H.P. installed. Useful load in Ibs. 

250 3712 3537 2312 1437 562 

500 7425 7075 4625 2875 1125 

1000 14850 14150 9250 5750 2250 


If these improvements were possible what a resulting increase in load we 
could carry. With enly 250 h.p. we should carry practically the useful load of 
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one of our big twin-engined commercial aircraft of to-day, and with a 1000 h.p. 
we should be able to fly from here to Cairo non-stop with a load greater than in 
the short distance flights with a similar power to-day. 

Such an aircraft would not have an unreasonable performance in that its speed 
would be over 1900 m.p.h. and its climbing speed at ground level, about 500 feet 
per minute. With an advance such as this, we should be able so to reduce our 
running costs that aircraft would at last commence to fly by itself. The progress 
may seem to-day somewhat fantastic, but the possibilities are there. It only 
remains to give much more attention to details, pursue the research developments 
that are already in hand, and have the economic necessity forcing us to apply 
these developments to practical construction. 
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To go further in prediction and forecast the attainment of a world’s speed 
record of 4oo miles per hour or of 6,000 miles flown in a straight line is at the 
moment a very hazardous undertaking. Let us rest content with the development 
more applicable to flying for the generality of mankind, and see how aviation can 
be made to fly by itself.’ 

I would like you now to consider how this desirable end is to be obtained. 
It is evident that there must be an economic demand to ensure that progress will 
move towards this end. In this respect the method of subsidising air transport at 
the present time fails. 

A brief review of what has happened in civil aviation in this country may be 
taken as typical of development to date. 

We can claim that this country led the way initially in civil aviation develop- 
ment. 

It was first seriously contemplated with the technical advance of aircraft 
and particularly with large potential passenger-carrying machines, during the war. 
The first official investigation committee, under the chairmanship of the late Lord 
Northeliffe, with nothing but war experience to build upon, furnished a report 
which has formed the basis of national law and international regulation. The 
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next committee, under Lord Weir's chairmanship in 1920, made the first 
recommendation of a subsidy grant, emphasising the feature that any grant of 
subsidy must be in return for useful work performed such as an acceleration of 
mail and transport or for services productive of valuable experience. The 
committee further stated that any scheme of grant on the basis of number of miles 
covered, or number of hours flown, is fundamentally unsound as the grants can be 
earned without any direct return to the State or community. 


It is a matter of history that these recommendations were not carried into 
effect, and that civil aviation passed through five different phases of non-sub- 
sidised and subsidised services until the present scheme came into operation under 
which our air services are subsidised to-day. 

At first the British had an overwhelming success in regard to percentage of 
the traffic which they obtained, such as it was—in those days 88 per cent. of the 
passengers using British lines. In the changing circumstances which arose with 
changing subsidy conditions, the percentage varied, falling during the first 
temporary subsidy scheme and rising again to 70 per cent., approximately, in 
1922 and 1923. The last year saw the subsidy conditions changed to payment 
not by results in trafic carried but in return for a definite number of miles flown 
and this again was taken as the basis for the new scheme under the recommenda- 
tions of the Hambling Committee. 

The original subsidy conditions under which Imperial Airways started by 
operating provide for a performance of a million miles annually during the ro 
years period, without regard to the size of the aircraft with which the mileage 
was flown. Subsequent modifications of the agreement, however, corrected the 
obviously indefensible basis of payment and substituted the figure of 425 million 
h.p. miles for the million miles previously called for, and provided that one h.p. 
mile performed by sea-craft should count as 14 h.p. miles for subsidy purposes. 
The effect of this change was to reduce the annual mileage performance called 
for to a figure some twenty per cent. below that carried out by the three companies 
previously operating, and the last method is that under which operation now takes 
place. 

There are two grounds upon which the performance conditions resulting from 
the change are open to objection, apart from the basic question of payment on 
any scheme that takes mileage into consideration. The first of these is that it 
is useful load that should be encouraged and not h.p. employed, and therefore 
ton-mileage and not h.p. mileage is the criterion of economic progress. The 
second is that as this change achieves its declared and admirable purpose of en- 
couraging the use of large aircraft, so with a limited subsidy the extent of flving 
must be reduced. 

As with present day machines at least 50 per cent. of the receipts arise from 
subsidy payments, it is evident that the form of subsidy must have a very 
determining effect upon a company’s policy, and provide the deciding factor as 
to the way in which progress will move. Under the existing scheme of subsidy 
payment there is less incentive to scrap an existing fleet in order to improve 
carrying Capacity compared with what would be the case if the payment were 
made on the lines of that originally recommended by Lord Weir’s Committee in 
1Q20. j 

With the increase in the size of machines a lesser mileage has to be flown in 
order to earn the subsidy and we have, therefore, seen British services reduced 
in number compared with previous years, so that now the British Continental 
Air Services are confined to the Brussels-Cologne and Paris-Switzerland routes, 
the Amsterdam and Berlin Services being dropped. 


rhe incentive not being present under existing subsidy conditions to provide 
the necessary advance in commercial aircraft design, the question may be asked 
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whether with an extension of routes and longer distances flown, the advantages 
of flying over other means of transport may not be increased to such an extent 
that passengers will be willing to face the very greatly increased cost. The only 
services which offer this advantage are the Belgian services across the Congo 
and that in Columbia between the coast and Bogota. Here the difference in time 
of travel is so great and the discomfort of travel by land so evident, that the 
passengers willingly pay a price appropriate to the actual cost of the exploitation 
of the line. On the longer line, say between here and India, it is doubtful if 
we can expect to get with fares on a remunerative basis, the same proportion of 
the travelling public as we get on the shorter European services. There are a 
very greater number of people who at the cost of a few shillings pay for 1st class 
railway facilities on a short railway journey but revert to the cheaper though less 
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convenient 3rd class fare when long distance makes the effect of the extra cost 
per mile considerable. We must therefore expect, in spite of great advantages in 
time saving, to find that there are many who do not have to weigh the extra pound 
or so incurred by air travel between London-Paris or London-Brussels, who would 
have to forego the advantage of air travel on a 2,500 mile route with the propor- 
tionate extra cost. 

The Empire routes are not an alternative to make European routes economic ; 
they depend upon economic operation having been learned in Europe. 


If we review once more the future outlook for civil aviation, we may summarise 
it by saying that the solution to making civil aviation fly by itself lies in a great 
improvement in the vehicle which is to be operated with the resultant diminution 
in cost, rather than by opening up a larger number of lines under existing con- 
ditions, and that if there is to be an economic demand forcing ahead the improve- 
ment of commercial aircraft, the subsidy should be based on the useful work 
Which is performed-in actual traffic carried. 
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The example of aviation development in the U.S.A. is one well worth studying. 
There the economic driving force of long distances to be covered, with the people 
using one currency, one language, no customs barriers and with a great demand 
for high speed travel, air services are becoming an integral part of the postal 
organisation ‘and are paid only for the services which they render, namely the 
mail which they transport. Everyone who has studied recent American designs 
of commercial aircraft must be impressed by the fact how a difference is rapidly 
arising between their designs and that of military machines, and how the demand 
for commercial economic running is leading to improved all-round efficiency. The 
meral for us of concentrating on the production of efficient aircraft is only too 
obvious. 

Once we have obtained more efficient aircraft and more nearly attain our 
ideal, there are still difficulties to be faced; they are of international organisation 
rather than technical improvement. 

On an air route between here and India we have to cross many countries, each 
having under their own control their meteorological offices and wireless stations. 
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In time, no doubt, some organisation may be evolved on the lines of the 
frinity House system for ships, perhaps under international control, providing a 
eleser control in operation than the co-relation of duties under the international 
committee for air navigation. Perhaps it is too much to hope that some practicable 
form of television may be evolved which our aircraft can use and thus once and 
for all get over the fog danger. Whether this will be practicable in the future 
or not, it is evident that every improvement in radio, telegraphy and telephony, 
must be of the greatest service to aircraft: development. 

I have endeavoured in the brief review which I have given to lay before you 
an outline of future development, the ultimate outcome of which no one can foresee. 
No policy can be better fitted to stimulate progress than international racing 
competition, in respect of which we are just experiencing a successful outcome. 
For commercial work we must have a policy shaped so that economic driving 
force provides the development that will make civil aviation really possible, in 
providing the right type of aircraft. Much more attention must be devoted to the 
marine side of our development for here, as has already been pointed out by a 
previous lecturer before the Society, we already have cur organisation throughout 
the world. 
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To-day, reviewing all the progress which has taken place, no one can say 
whether the genius of the human race will develop its mechanical transport to 
such an extent that old and new worlds conquered and the sea bridged, it will 
seek a new outlook to its endeavour, by seeking and perhaps succeeding in bridging 
the vast distances between this earth and the other habitable units of our solar 
system, or whether having reached a comparative finality in mechanical progress, 
mankind will rest content with a wireless presentation of voice and features of 
those who would communicate each with the other, rendering unnecessary that 
costly transport of the human body which is of little use other than as a containing 
medium of a directing mind. 

I wish to express my thanks to the following gentlemen who have given me 
various data for the compilation of this paper :—Dr. Dyson of the Air Ministry, 
Mr. Chorlton and Mr. Goodwin of the Elektron Co. 


DISCUSSION 


Mr. Wimperts: The very interesting lecture which Mr. Handley Page has 
given us opens up so many subjects that I imagine that nothing anyone eise 
says can be ruled out of order by the Chairman. | think that you, sir, gave us 
the best picture of the changes that may occur in the course of twenty years 
when vou read us a letter written by Mr. Handley Page in 1907. The lecturer 
himself is one of those very designers and inventors who have done so much to 
solve the difficulties that stand between the designs of to-day and those we may 
expect twenty years hence; and I am quite sure that as far as commercial aviation 
is concerned, our constructors now realise that any private acroplane must be 
made in the end as controllable as a motor-car of to-day. That means that 
certain difficulties which exist in aeroplane construction to-day must be removed 
in some way, and Mr. Handley Page by his movable slot has done a very great 
deal in this direction. 

If the ordinary type of wing cannot be made to give a high percentage of 
safety with good performance, then we shall have to resort to the rotating type. 
In this connection it is of interest that a cross-country fight of some fifty miles 
was successfully made with a rotating wing machine on September 3oth last, 
and that this record has not been equalled in any other country. 

Mr. Bramson: I have listened to our lecturer with the very greatest interest. 
J think it is a most absorbing pursuit 40 imagine what is going to happen in 
the future, and to picture all kinds of possibilities and developments. 


Mr. Handley Page said that the question of structure weight was of the 
greatest importance, and advocated the employment of new materials, particularly 
magnesium alloys. Is it not possible that progress might be made by a better 
distribution of the materials, such as using the actual covering of the wings in 
metal aircraft? That has been done in monoplanes to a large extent, and we do 
not know how far it might not be possible to apply it to other types of machines. 

Concerning aerodynamic possibilities, I was surprised that the lecturer did 
not mention the idea of eliminating the fuselage altogether in large machines. 
When you reach a certain size in aeroplanes you can afford a thickness of wing 
Which will contain the necessary and de sirable human and mechanical contents. 

Is it not possible also that the pusher type of machine might reduce propeller 
interference and wing interference ? 


Regarding potential air passengers, | should like to say that in my experience, 
in talking to those who have considered flying from London to Paris I have 
never found cost the real deterrent factor, not that they were snobs or inordinately 
wealthy, but cost simply does not enter into their calculations when they are 
thinking about their first flight; they are more concerned about danger and air- 
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sickness. The latter is a subject upon which they can generally be satished, 
because it is true to say that, weather for weather, one is generally less likely 
to be air-sick than sea-sick. Therefore, the danger or safety question is the 


one factor which, if satisfactorily solved, will bring your clientele into the air, 
and for that reason I submit that the lecturer’s own inventions are probably 
much greater factors towards making commercial aviation pay than one would 
deduct from his lecture. 

Sir Serron BRANCKER: I congratulate the lecturer on having selected such 
a comprehensive title; it gave him freedom to say anything he liked about 
aviation, and I am very pleased that he devoted himself almost entirely to com- 
mercial aviation. I entirely agree with his remarks about subsidies; I abhor 
subsidies, and would very much preter that our money be devoted to making 
aireraft which will be a commercial success. But I would remind you that we 
cannot wait twenty vears for the improvements which the lecturer has outlined, 
because we have to keep the flag flying and establish ourselves on various routes ; 
therefore under present conditions we must provide subsidies. I think, how- 
ever, that we are now nearing a paying proposition more quickly than most 
people think. I have been reading lately a report from the United States on 
the result of their new mail contracts. Certainly at least one of their new com- 
panies is making good profits, some are breaking even, while there are others 


which look as if they were making a heavy loss. These services are not sub- 
sidised, but are being paid so much a pound tor the carriage of mails, the 
revenue being obtained by the patronage of the public. That is real commercial 


aviation paying for itself, and I am convinced that there are parts of the Empire 
where commercial aviation would pay very rapidly if we started a_ service 
to-morrow with really up-to-date aircraft. 

] think Imperial Airways are proving that their latest machines and engines 
are a great improvement from the commercial point of view on those of three 
or four years ago. I have always been very glad indeed to see Government 
money spent on the construction of experimental commercial aircraft, but this is 
a policy that is repugnant to the Treasury. I repeat that IT hate subsidies; | 
think I have seen every side of every kind of subsidy, and they all come back 
and hit you in the eve like a boomerang. If we based our subsidies on the trattic 
obtained, we might go blundering on for years with obsolete machines and be 
able to make money through the subsidy ; the existing system subsidises progress. 
It encourages the operator to use fast powerful machines. The cost of operating 
an aircraft is closely proportional to its horse-power—and we are subsidising on 
horse-power. If you compare our rather feeble efforts with those of the Con- 
tinental countries, you will find that we are actually in a better commercial 
position than any other nation, for our system is the most economic and the 
most efficient. Our taxpayers have had a better bargain than those of any other 
country, 

Mr. Wimperis suggested that aircraft should become as simple and safe as 
a motor-car. Personally, I think that it is easier to fly a small aeroplane than 
to drive a car, and, to judge from the newspapers, it is considerably safer. 1 
believe that television may solve our fog difficulties. I put this problem to our 
technical experts some time ago. 

Captain Savers: Some fifteen years of dependence upon the aircraft industry 
for a living has rather the tendency to make one think that the British aircratt 
industry has plenty of body to be kicked, not much soul worth saving, and an 
almost total absence of imagination. Mr. Handley Page's lecture is welcome as 
showing very definitely that this is only a jaundiced view and that the leaders 
of the industry do realise the vast scope that still exists for further improvement 
and development in aircraft, 


There are very serious practical dithiculties to be overcome before we can 
achieve the type of result which he foresees. One of the dithculties which we 
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have to overcome in this country is that we do not have enough flying, and that 
we are not forced by circumstances at once to solve some of the practical problems 
that must eventually be solved. 

Mr. Page has referred to one of these—that of enclosing cockpits. Pilots 
in this country jib at closed cockpits. Pilots in Canada have to fly regularly at 
temperatures of 40° below zero, and in these circumstances are glad to welcome 
closed cockpits. 

Civil flying in this country is more or less a luxury and not a necessity. 
Rapid development of civil aircraft will occur where flying first) becomes a 
necessity, and it has reached this stage in some places. 

I have recently seen a letter from a mining engineer in Canada who its 
engaged in a district 100 miles away from any railway. This district: depends 
entirely on air transport for mails and all urgent supplies, and the air lines, 
running all available machines for all possible flying hours, cannot handle all the 
tratlic offered them, and cannot get machines to increase their services. 

If the aircraft industry would attend to the needs of the many districts of 
the Empire where air services are capable of becoming absolute necessities, thes 
would, I suggest, find means of attaining a more rapid technical development 
than can be hoped for in this country alone, 

(Communicated.) My remarks as to the attitude of British pilots to the 
enclosed cockpit seem to have been seriously misinterpreted, particularly by 
Squadron-Leader England. 1 had no intention of casting aspersions on British 
pilots, and their readiness to face the worst of weather conditions. 

The point is that flying regularly when the temperature on the ground is 

yo F. is a condition which British pilots do not have to face. British military 
pilots—particularly test pilots—may meet such a temperature fairly frequently, 
but only at high altitudes. At high altitudes they can keep their noses well 
behind their wind screens and it does not really matter very much if those wind 
screens are somewhat badly obscured by oil or other dirt. 


The Canadian pilot flVing in winter has to take off, navigate and land at 
these temperatures. To do this without the certainty of incurring frost-bite, he 
must be provided with a wind sereen through which he can see clearly all the 
time, and from behind which his face need never emerge. And when such a 
wind screen has been provided and he finds that he never has to look out over 
the side, his objection to a machine with a closed cockpit vanishes. Incidentally, 
the first step towards the closed cockpit must be taken by the engine maker, 
who must provide an engine which does not throw out oil. 


Major G. P. Burman: I came here to-night to receive enlightenment and 
inspiration, and my only disappointment, apart from having to speak, is that 
relatively so few have taken the same opportunity of attending this very 
interesting lecture. 

Mr. Handley Page paid a marked tribute to the aero engine industry in 
suggesting that the progress and development of the aero engine has perhaps 
exceeded that of the aircraft itself. He is evidently sincere in his appreciation of 
the aero engineer when he expects him to achieve fuel consumptions, which I 
rather think entail a modification of the Jaws of nature or the discovery of entirely 
new principles of thermodynamics. In his hopes, toe, for the compression- 
ignition engine he expects the aero engineer to accomplish something which no 
other type of engineer has sought even to tackle. 


I was a little surprised that Mr. Handley Page with his broad vision and 
comprehensive outlook appears to have overlooked a vital factor on the engine 
side, namely, head resistance, which seems to me to be of the utmost importance. 
1 often think that enormous horse-powers are provided in aircraft serving only 


to pull the engine itself through the air without any other useful purpose. This 
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state of affairs is no doubt largely due to the fact that the aireraft structural 
designer always seems to have so few points of contact and collaboration with 
the early stages of engine design; if Mr. Handley Page would exert his influence 
to draw the aircraft and engine people together, many of his problems would 
surely reach solution. 

With regard to gearing, Mr. Handley Page, of course, like all aircraft 
designers and constructors, airily demands the geared engine and looks to get it 
to-morrow without difficulty; at any rate he is doing service in reminding and 
urging the engineer to concentrate in overcoming the difficulties attending the 
development of reduction gears. 

Regarding petrol consumption, while admitting that for aeronautical progress 
further economy must be an essential aim for development and research, I would 
suggest to him that as an immediate experiment he should send off, say, twelve 
different pilots with the same type of machine and engine over a given course 
all together on a two or three hours’ flight, and check their respective petrol 
consumptions. I venture to think that he would find a variation among them 
of as much as 30 per cent., due entirely to the lack of a reliable flowmeter to 
indicate to the pilot what consumption he is making. The setting of the altitude 
control often appears to have little effect on engine speed, and the only thing 
serving to warn the pilot that he is cutting down his fuel too fine is that he 
begins to smell something getting hot, a condition which naturally he endeavours 
not to reach, and in consequence carries on on the rich side. 


Mr. Mannina: I rather think that some of the increased structure weight of 
recent machines has possibly been due to the higher aspect ratios used now. 

Another point is that in Mr. Handley Page's highly-loaded machine he 
might find a variable pitch propeller useful. Such a propeller might be expected 
to give rather greater all-round efficiency, and if by any chance owing to a 
breakdown, etc., it is desired to stop a propeller, the propeller blades could be 
set to infinite pitch, which should be a distinct advantage on the score of 
resistance, 

Re petrol consumptions, I rather gathered that his figures were full-power 
ones. It would be too optimistic to expect to get the consumptions anything like 
these under cruising conditions in a petrol engine throttled down. That is 
perhaps one of the directions in which the Diesel engine scores, as the fuel 
consumption per h.p. hour is remarkably uniform in this type over a considerable 
range. 

I think Mr. Handley Page has already done a great service for aviation, and 
I hope he will be as successful in his réle as prophet as he has been in the past. 
Phe future of aviation largely depends on progress in the directions he has 
indicated. 


Squadron-Leader ENGLAND: General) Brancker raised the question of 
vliminating delay in furthering new inventions for the progress of aircraft. In 
all new inventions there are few which meet with instantaneous success, and if 
rapid progress is expected, it is necessary that new inventions should be expedited 
in every possible manner. 

When a new invention makes its appearance it invariably creates a con- 
siderable amount of interest, but as difliculties appear, so interest, not  infre- 
quently, disappears. If progress in this respect is to be made, steps must be 
taken towards speeding up the official tests and criticisms, at any rate in the 


carly stages. 


One might almost say that Captain Sayers, in some of his remarks, has 
cast an aspersion on the R.A.F. and civil pilots in this country, when he inferred 
that they had no knowledge of flying in bad weather to equal the experience ot 
pilots in Canada and other countries. 1 disagree, as all those who have studied 
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the records of the pilots who, year in and year out, fly between here and the 
Continent encounter climatic conditions which are unequalled in other countries 
where a regular service is maintained. The ability of the Royal Air Force pilots 
both in England and abroad speaks for itself. 

Flying in 4o degrees does not worry pilots nearly so much as Captain Sayers’ 
remarks might lead one to think. When operating in extreme temperatures a 
pilot is equipped with oxygen and heating apparatus, and therefore is in com- 
parative comfort compared to the pilot who has to fiy in the Tropics through 
dust and rain storms. Most pilots will agree that they would rather fly in cole 
than hot climates, as there is nothing more exhausting than flying in great heat, 
with the added discomfort of the hot air from the engine, assuming that a tractor 
machine i+ being flown. 


Major Mayo: I am elad that for once Mr. Handley Page has come boldly 


out into the open as an optimist. We have heard him on various occasions 
dealing with questions relating to commercial aviation, and so far as I remember 
he has almost invariably assumed the rdle of the pessimist. I think he must 


have been inspired on this occasion of the first meeting of the amalgamated 
bodies to an optimism that is quite unusual with him. 

However, when we come to follow his paper through, we find that his 
optimism is only transitory; so long as he is dealing with the possibilities of 
aircraft design he is an optimist, but when he comes to the subject of aircraft 
operation he relapses into his former pessimism. He is only optimistic when 
thinking what commercial aviation might do if only designers were given a fair 
chance of showing their capabilities. 

The unfortunate position of the operator is that he has to wait for the 
aircraft designer to produce the goods. The aircraft operator uses the best 
aircraft he can get; I have no hesitation in saying that that has been consistently 
the policy of Imperial Airways. If the designers can and will produce the truly 
remarkable aircraft envisaged by Mr. Handley Page, I have not the slightest 
doubt that, with or without subsidies, those aircraft wil] be used in the service 
of Imperial Airways. 


If one analyses Mr. Handley Page’s forecasts a little more closely, one 


finds certain slight inconsistencies. At present I have only heard Mr. Handley 
Page, and I noticed that he was inclined to accelerate over certain passages in 
his paper, so that one could not follow his arguments so closely. At one time 


we heard him arguing that one of the great difficulties of aircraft design is that 
there are so many excrescences to be carried and so many bulky instruments and 
fittings. These necessitate large fuselages and large cockpits, which is all wrong. 
What we want is smaller fuselages free of all unnecessary equipment and reduced 
to the slender lines of a successful racing machine. We then see a vision of 
a twin-engined machine of 1,000 h.p. (two engines of 500 h.p. each), and this 
twin-engined) machine will be generally similar to those which bear the 
distinguished name of the lecturer, except that it will carry less equipment and 
have a smaller fuselage, yet we find that with these improvements we shall be 
able to carry no less than seventy passengers. In our present machines we have 
accommodation for about twelve passengers, but we all know that one of the 
greatest difficulties is to provide sufficient space for the comfortable seating of 
passengers. Task Mr. Handley Page, where are those seventy passengers going 
to sit? I think he will have to agree that it cannot be done. We all wish that 
Mr. Handley Page's efforts will achieve these great improvements, but it appears 
to me that if we are going to carry seventy passengers in a machine of 1,000 h.p. 
the size of the machine must go up to such an extent that the structure weight 
which he took, based on a total weight of 25 lbs. per h.p., will not hold good. 

I venture to think that when Mr. Handley Page came to the question of 
subsidy he was once again guilty of a slight discrepancy in his argument. As I 
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understood him, he strongly objected to subsidies, and felt that the money could 
be better devoted to experimental design. I submit that it would be very difficult 
to develop the design of aircraft without at the same time using them to obtain 
practical experience. I would suggest that the real trouble is that the present 
subsidy is too small, and in fact we want an additional subsidy devoted to experi- 
mental work and development. That would be a real road to progress. Mr. 
Handley Page rightly believes in the development of a machine to carry more 
passengers and greater loads at smaller cost. I venture to suggest that what 
we really want at the present time to make commercial aviation pay is that the 
public should in their own interest use commercial air transport to a greater 
extent; the only difficulty with commercial aviation at present is that the public 
has not vet learnt to use it sufficiently. If the machines were filled consistently 
all the time there would be no need for subsidies. I must say that I am in hearty 
agreement with Mr. Bramson when he says that the real thing that matters is 
safety. I feel convinced that the only way to make air transport pay is to make 
our aircraft aerodynamically safe by means of such improvements as the Handley 
Page slot and aileron control and mechanically safe by employing the multi- 
engine principle. There will then be no danger from forced landings, and even 
the risks due to fog will be greatly reduced. When the public has been fully 
convinced of the safety of flving, the trafic will be such that we shall hear very 
little more talk of subsidies, 


REPLY 

The remarks of the various speakers have ranged over a wide number of 
the subjects that I took under review. 

Mr. Wimperis gave some very interesting details about the rotating wing 
machine, and said that that was a_ possible alternative method. I read an 
instructive article in Punch this week which suggested imagination as a means 
of transport. Personally, I think we are more likely to get progress by developing 
the standard types of aircraft than experimenting with new ideas. 

Mr. Bramson referred to a better distribution of materials, and advocated 
that in a monoplane we should use the metal covering. Generally speaking, 
monoplanes which are covered with metal are heavier than if covered with fabric, 
and I believe we should gain very little in using a metal cover until such time as 
we have much higher loadings. 

With regard to eliminating the fuselage altogether and putting the passengers 
in the wings, in some respects I feel that the idea is not quite sound and could 
be carried into effect in larger machines. We ought really to have had an 
illustration showing a form of transport by sea, and with the sardine as an 
example of a means of closed packed travel solved the question of carrying 
seventy passengers. 

The cost of transport, to which Mr. Bramson referred, is a big’ factor in 
the development of aviation. If we were able, to-day, to charge third-class fare 
to Paris, the same as do other means of transport, we should have a large 
revenue from which to draw. I believe that something like half a million people 
travel annually between London and Paris; if we could offer them air transport 
between those places for, say, 30/-—the equivalent train and boat fare—it would 
be a great inducement to them to use air transport, apart, of course, from 
questions of safety, air-sickness, etc. 


General Brancker touched on many points, and said he was in entire agree- 
ment in objecting to subsidies and preferring that our money should be spent in 
developing commercial aircraft. That was not exactly what I meant: my point 
is that it is useless to open a lot of air routes in various parts of the world if it 
only means increasing the subsidy that has to be provided by the country, for 
then we are no nearer the accomplishment of what we so greatly desire—that 
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aviation shall fly by itself. I feel that we are not forcing the user to-day to call 


for aeroplanes that will fly by themselves. The solution is the way that Lord 
Weir’s Commission recommended ; namely, that the operator should be paid on 
the actual useful load carried. To-day the operating company is called to fly 


so many horse-power miles in return for his subsidy. The fulfilment of this con- 
dition per se confers no commercial benefit on the community. What is wanted 
is the stimulation of air traflic. The proper method is therefore to give all the 
reward for traffic obtained. The operating company to show a_ profit will 
naturally do it as cheaply as possible and so will be driven to use more and more 
eflicient machines. To-day the subsidies, forming such a large part of the com- 
pany’s receipts, naturally is a potent factor in determining the company’s policy. 
Hence we see little expansion in the services, since once the horse-power miles 
are flown, further flying is unprofitable. If on the other hand it were paid in 
tratlic, the stimulation to traffic carried would result in such an increase of trafhi 
that the service would soon pay from its own receipts. When an aeroplane is 
on a commercial basis there is only one way in which it will pay—not by flying 
over a given territory for the satisfaction of politicians, but by proving itself of 
service to the public in giving it something in return for its money, and at a 
price which will compare favourably with other means of transport—without the 
need for a subsidy. 

General Brancker took the example of the U.S.A., where companies are 
paving without a subsidy by running a successful mail-carrying service. I do 
not believe he could have chosen a better example to prove the validity of the 
arguments I have given above. : 

Captain Savers advocated sending pilots to Canada. 1 believe that the 
pilots at Martlesham Heath have experienced equally low temperatures ; however, 
if The Aeroplane, of which Captain Savers is a distinguished member, would 
like, at its own expense, to give the aireraft industry a practical demonstration 
of how aeroplanes should be flown, I, for one, should be very willing to accept 
the invitation to visit Canada to study weather conditions. 


Major Bulman said much about petrol consumption being a big problem at 
the present time. I admit that a good deal I said is beyond accomplishment 
now, but I felt that if I tried to show that such a machine could be produced, 
we might then set about trving to produce it so as to get ahead. The use of 
geared engines is a thing that is nearer in commercial possibility. In ship- 
building, every turbine manufacturer wished to use direct-drive turbines; they 
would not have gears, as these had never been used for carrying the main power 


continuously. Nowadays, if you look at high-speed craft you will find that all 
turbine craft drive their propellers through heavy gears. We should get much 
greater advantages if we had very low-geared engines. The 30 h.p. Daimler 


machine carrying pilot and passenger has a ceiling of about 12,c00ft., an engine 
geared 3 to 1, and is an example of what can be done with a geared propeller. 

Iam glad that Mr. Manning agrees with all T have said. The petrol con- 
sumption figures were probably full-power figures, but 0.35 pints per h.p. generally 
allows a little latitude. 

Major Mavo had much to say. First of all, he did not appreciate my real 
point about getting the passengers. We must remember that with a machine 
of 1,000 h.p. of the size I have visualised, it would be much bigger than the 
machine of to-day and the fuselage would be relatively much smaller. Major 
Mayo knows that what is necessary is a fuselage that will have no excrescences, 
vet even in commercial aircraft you will find starting-engines, cockpits, wind 
screens, ete., ete., which it would be an advantage to do away with and have the 
pilot sitting in a properly-protected cockpit. If you make a machine of 250 h.p. 
(that is, two engines of 125 h.p. each) as I have suggested, they will go into a 
machine of approximately the same size as a 1,000 h.p. machine of to-day. That 
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may come in twenty vears’ time. The size of the fuselage is only relative to 
the actual machine which is to carry the passengers. 


The point Major Mayo makes is that if we used our present means ot 
transport to-day to a fuller extent, there would be no need for a subsidy. 1 
quite agree, but vou cannot always use air transport when you wish. I wanted 
to see the Schneider Trophy Race, and proposed to take the train and boat, fly to 
Basle, catch the train to Milan and go on from there. Fog, however, came on 

there was a gale somewhere else—and the service, as a result, was cut off. 
That is what prevents all-the-vear-round commercial flying and prevents. the 
required number of passengers being carried.  Untortunately, these meteoro- 
logical difficulties cannot at present be surmounted. When we can have the same 
flying hours in winter as in summer, and incidentally a reasonable summer, we 
shall be able to have passenger flving on a sound basis. What we really have 
to do is to develop aircraft able to fly in all weather conditions, and so attract 
a higher percentage of passengers, and, more important still, much cheaper to 
operate than at present. 


| 
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STUDENTS’ SECTION PAPERS 


Pape r re ad before the Stude nts’ Section on Thursday, January 27th, at 7-0 p.m., 
in the Library, at 9, Albemarle Street, London, W.1. 


THE POSSIBILITIES OF METAL CONSTRUCTION WITH 
SPECIAL REFERENCE TO THE METAL SKIN 


RY R. M. HAYES (STUDENT). 

The Past 

Metal wires, for bracing, and the operation of control surfaces have been 
used from the earliest days in aircraft construction, but owing to high weight 
and lack of a detail knowledge of the behaviour of thin sections of metal, wood 
and fabric have been the chief materials of construction until quite recently. 

During the late war metal began to be used very extensively for fitting’s 
and cowling purposes, but it was not until spruce began to be scarce that metal 
spars were designed for main wing members, and the cycle industries of ‘the 
Midlands produced the first spars made up of four evcle rims riveted together. 


Fokker first produced tubular fuselages in steel with welded joints, and he 


is now a firm adherent to this type of construction. The Air Ministry does not 
appreciate the welded joint, and so construction of tubular frameworks has to 
be carried out with pin joints and pinned scarfings in this country. The Austin 


machines produced after the war are examples of this method of design. 

Junkers produced a biplane in the war which was not only of metal con- 
struction but had also corrugated metal coverings for the wings. This was a 
great advance and Junkers have progressed steadily from that time. 


Present Activities 


Boulton and Paul then undertook researches in metal construction and have 
made great strides in spar and detail design. 

Short Brothers also produced efficient machines in metal and are now 
Jeading exponents of metal aircraft, particularly in duralumin, 

Armstrong-Whitworth, on the other hand, favour steel construction and 
are now actively engaged in producing standardised steel machines. 


Materials 


Duralumin possesses the important advantage over steel that for a section 
of given weight, a larger and stiffer spar can be produced in duralumin and 
consequently flexing is reduced to a minimum. 

(The relative coefficients of expansion of aluminium and_ steel should be 
remembered when producing large duralumin machines with steel bracing wires 
for use in the tropics.) 


Parts 


Metal ribs, if made of steel, are very delicate and must be very well designed 
if flexing is to be avoided. 
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The writer advocates standardised pressed one piece ribs in duralumin for 
biplanes, and built up strip and angle ribs of duralumin and steel for cantilever 
monoplanes. 


Surface 

The fabric and plywood flying surfaces have great advantages such as 
lightness, cheapness and ease of inspection of internal wing details, but owing 
to fire risks and small ultimate strength they should now be replaced by metallic 
coverings 


gs. 
Metallic coverings can be in three forms, single or double lap riveted plane 
plates, angle reinforced plane plates, or corrugated sheets. The corrugated sheet 


can be made much thinner for the same stiffness, and if it is of duralumin, as 
in the Junkers machines, of very great strength and consequently higher loads 
can be carried, 

One great disadvantage of thin plane sheets is the risk of buckling or 
tearing, and another is the noise produced by the crinkling of the surfaces as 
they adapt themselves to load. 

These observations do not hold with regard to the highly curved and 
reinforced surfaces of such craft as the Short biplane which is illustrated. 

Corrugated sheet must offer a higher surface resistance to the air, but no 
comparative figures are available at the moment, e.g., Fokker and Junkers. 
There is one aspect of metal covering in which the fabric cover can bear no 
comparison and that is in its large resistance to shear, especially in the case of 
corrugated sheet. 


Accidents 

In the event of accident wooden structures splinter and burn, but metal 
merely twists and so is not likely to cause so much bodily harm to passengers. 
Metal has two drawbacks which have not so far been investigated. In a fabric- 
covered machine the roof or sides can be easily cut away to enable passengers 
to get out should the machine crash or come down in water. With metal 
machines this is impossible and any doors would probably jam in the case of a 
crash, 

A metal machine gets very hot in tropical countries and for the benefit of 
passengers double sides with cork insulation or asbestos spacing blocks should 
be employed. 

Metal wings should be made watertight so that their buoyancy would support 
full load in the sea, but plug drain holes should be provided so that the wings 
may be blown through to clear out any moisture or corrosive gases. 


Engines 
With large metal wings engine mountings may be built into the ribs direct. 
The bonding of all metal parts in metal machines is not very easy as a lot 
of anti-corrosion paint has to be filled in at the joints. 


Corrosion 

Steel, if well varnish coated, or of rustless variety, gives few corrosion 
troubles, and duralumin also, even for floats, so long as all barnacles are removed 
as soon as they are noticed. 


Airscrews 

The metal airscrew is rather flimsy when not moving and must be handled 
carefully. The Fairey type is quite practical, and when a cheap and efficient 
variable pitch screw comes along the fate of wooden airscrews will be sealed. 
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Controls 

Austin’s designs of post-war date used rod controls for some of the working 
surfaces instead of wires. This is a matter of taste, but is worth studying. 
Development 


Metal aircraft will be the only type tolerated in the commercial services of 
the near future, and the probable use of three-engined Junkers on the new 
African service points to this. 


Principles 

In brief, the principles which the author advocates are pressed duralumin 
ribs for biplanes of standard section and terminating in bosses for ferrule hinges 
to take any desired aileron or flap, riveted trailing edges to the latter, built up 
sections of proportional size for cantilever monoplanes, and steel struts and wires 
for all types. For flying boat hulls, plain former reinforced plates are preferable 
to corrugated ones, as the latter are not only dithcult to clean, but offer toe 
large a surface resistance for get-off. 

The Blackburn ‘‘ Iris’? flying boat hull is of great interest, and all-metal 
hulls of this type should have a great future for large sea-going air liners. 


Production 

Throughout construction of wings, ribs, rolled spars, ete., jigs should be 
used as much as possible, and if a standardised machine could not be produced 
at a remarkably low figure in this country, it never will be. 


The metal machine must be widely advertised to the public as soon as British 
builders are in a position to deliver it. It is to be regretted that this is not 
already the case, 


Conclusion 

These remarks are intended to raise interest in metal construction, as we 
shall soon be left behind unless we consider seriously the production of all-metal 
aircraft in the immediate future. The author considers the metal skin essential 
to refiable commercial machines, and wishes to deprecate very strongly the 
opinion that aeroplanes should only be built to last three or four years, which is 
widely held at present. ; 
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SOME RECENT DEVELOPMENTS IN THE DESIGN 
OF RIGID AIRSHIPS 


BY W. 


Lecture read before the Students’ Section in the Library al Llbemarle Street, 


London, 


| Introduction 


This paper is primarily intended to stimulate discussion on a subject of 
increasing interest to aeronautical students and of rapidly growing interest to 
commercial aeronautics. It must not by any means, therefore, be looked upon 
as a complete analysis of the subject, but rather as an introduction to the most 
impertant questions arising in recent development. 

In considering this question we must first define the particular requirements 
of the large rigid airship. The airship must be looked upon with regard to the 
aeroplane rather as the ocean liner is looked upon with regard to the express 
train and not in any sense as a rival of the aeroplane. They each have their 
own distinctive duty. 

Any commercial system depends upon safety and reliability. The airship 
designer has, therefore, the problem of making a structure safe under any condi- 
tions ef flight and having a minimum ratio of structural weight to useful weight 


per horse-power. The old Zeppelin forms were built to operate at great heights 
and the small available lift and structural considerations necessitated building 
to pocr aerodynamical shapes. It is now probable that any commercial ship 


of the future will not have a capacity less than five million cubic feet and will 
carry cne hundred or more passengers and operating crew with a degree of 
comfort and safety approaching that found on sea-going vessels. 


2 The Factors Governing Shape 


The ebject to be attained in deciding the shape of the hull is the lowest 
resistance compatible with controllability. From wind tunnel tests and data from 
actual ships it appears that the lowest resistance is given with a fineness ratio, 
that is, ratio of length to diameter, of about 4.6. The lowest ratio vet used 
in a rigid airship was 7.0 in the case of the ‘S Bodensee,’’ which was undoubtedly 
the most successfully operated ship yet built. In this country the R.80 had 
a fineness ratio of 7.5, and although in actual practice this did not come up to 
design expectations, the fault was not due to the fineness ratio. 

In increasing the diameter of a ship it must be borne in mind that any 
ships built in the near future must be housed in existing sheds which will only 
take a limited diameter for any capacity of ships. In the case of the R.1or, 
being built at Cardington, the roof of the shed has been raised (at very considerable 
expense) to overcome this difficulty, to some extent. 

A bending moment ts set up in the structure due to the fact that the pressure 
is greater at the top of the ship, varying as diameter, in which case the low 
fineness ratio is a disadvantage. However, the value of this is small compared 
to the value of the bending moment due to other causes. The transverse bending 
moment, on the other hand, varies roughly as length squared by diameter, so 
that the load in a longitudinal varies as length squared. Here the low fineness 
ratio has an obvious advantage. Alse for a fixed volume it is most economical 
to have a short length, the maximum ratio of volume to surface being given 


| 
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by a sphere. In actual form the hull should be as near streamline as possible ; 
a polygonal shape is not a disadvantage providing there are more than twelve 
sides. The more perfectly streamlined the shape, however, the more is it affected 
by interference from suspended cars. This has recommended the placing of the 
passenger quarters inside the hull, which has the further advantage of giving 
far more comfort and walking room, and giving a greater sense of safety, a 
matter of some importance in a commercial ship. 

The shape of the head is more important than the shape of the tail, but the 
more perfect the shape of nose the more is it affected by changes in other parts 


of the ship. A bluff nose is not a disadvantage, the essential point being that 
the rate of change of curvature of the hull shall be small from the forward to 
centre portions. A cylindrical centre section is a disadvantage beth from a resis- 
tance and a controllability point of view. From the brief consideration given, 
it therefore appears probable that the tendencies of design will be towards a 
low fineness ratio and a more perfect streamline tank. The new airships R.1co 


and R.101 have a fineness ratio of about 5.0. 


3 Loading on the Ship 


The loading of an airship structure may be split up into two classes, static 


and aerodynamic. The static loading depends entirely upon the fact that the 
distribution of lift} and weight do not coincide, which gives rise to bending 
moment and shear forces. In large ships the designer has considerable scope 


in the distribution of weight due to the comparatively large disposable lift. 
It must be borne in mind, however, that the pilot in maintaining trim may re- 
distribute the loads in a manner such as to impose large forces in the structure. 
The designer should, therefore, choose the worst possible distribution, and thus 
eliminate the necessity of imposing restrictions on the pilot, who is already a 
much harassed man. 

The static loading must be considered : 

(a) When the ship is full to its maximum capacity. 

(b) After a cruise, with the ship light, that is, without passengers and with 

all dischargeable weights jettisoned, 


\ further static case is furnished by a deflated gasbag—either through a leaky 


cell or through a valve getting out of order and failing to close. This was 
of fairly common occurrence with the Zeppelins. The question of a deflated 
bag is also bound up with the structural arrangement. Probably the most 


economical size of bags, from a structural point of view, would be about 20 per 
cent. of the ship’s capacity, but it would be difficult to compensate for a bag 
of this size deflating, and in the event of two bags deflating, it would, in most 


cases, be impossible to maintain trim by discharging ballast. Therefore, it is 
inadvisable to make any gasbag of much greater volume than 1o per cent. of 
the ship’s capacity. The discharging of ballast and re-distribution of weights, 


consequent from a deflated bag, in most cases sets up larger bending and shearing 
forces than the normally inflated case. It is, therefore, necessary to treat each 
hag as being deflated in turn and draw a bending moment envelope of the worst 
cases with the corresponding shear, 

The bending moment due to gas pressure has already been mentioned and 
is combined with an axial Joad which tends to put the members in_ tension 
and thus relieves the compression. When this is most desired, however, in 
the case of a deflated bag, it is not present. 

In early ships these static cases were of primary importance, since the 
ships were built to operate at great heights, and consequently low densities, 
and the weight distribution was poor owing to the low available lift. In addition, 
their speeds were somewhat lower and aerodynamic loading varies roughly as 
the square of the speed and (volume)?. These forces must be taken in conjunction 
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with the worst static conditions mentioned. It was the failure to realise’ the 
significance of these important aerodynamic forces that led to the loss of R.38. 
Since, then, however, considerable progress has been made with model tests and 
a certain amount of full-scale work has been done on R.33. The general agree- 
ment between full-scale and model is pretty good, discrepancies only occurring 
due to the interference effect of fins and cars. 

Aerodynamic forces may act in any plane. In the vertical plane there will 
he forces set up by the ship flying in pitch. The ship must be taken at that 
angle of pitch which sets up the worst loads. Where the ship is turning in 
a horizontal plane there are two cases to consider. 


(a) When the ship is turning steadily at its minimum radius. This 
question is bound up with the stability criterion of the ship. 
(b) Vhe sudden reversal of rudders. 

This is a limiting case and can be shown to be little more serious than a 
steady turn, since on the reversal of rudders the ship commences to turn at 
mee, thus introducing large inertia forces which reduce the load on the control 
surfaces. It is also so arranged that the rudders cannot be put over too rapidly. 


\ further condition arising is that of the ship riding to a mooring mast. This 
case is probably the worst affecting the bow of the ship. The ship will usually 


be “nose heavy’? or “nose light to a certain degree, the controlling force 
being supplied by the masthead. .\Iso to prevent oscillations and sudden reversals 
of loading, the ship is ‘* yawed,’’ the rudders being set over a definite amount. 
\gain the mast attachment supplies the restoring force. Thus, large shears and 
hending moments are set up in the nose of the ship, both in a horizontal and 
a vertical plane. This sums up the conditions of loading upon which the sug- 
gested factors of safety of the Airworthiness Panel were based. 


In addition, in their report (R. & M. 970, p. 10) they state in regard to 
vertical gusts that ‘* information on the effect of gusts Is so scanty as to be value- 
less for calculations and the Panel... assumes that the worst’ conditions in a 
natural wind will not be more severe than those contemplated . Since 
then we have the example given by the loss of the Shenandoah in America, which 
failed by striking a strong vertical gust.* She drove into a vertical gust and 
rose at the rate of about 2,oooft. per min.; she then commenced to fall for a 
time at a considerable velocity when she struck another up-gust and broke in 
two, failing by sagging bending. The estimated upward velocity of the centre 
of the gust was 2,950 ft. per min. Further, it has been stated by Prof. Humphreysy 
that in order to account for the size of hailstones that are often formed = in 
cumulus clouds there must be upward velocities approaching 2,400 ft. per min. 
\lso upward velocities of 1,300 ft. per min. have been observed in this form ot 
cloud, accompanied by considerable downward velocities at the edge. It there- 
fore appears probable that by allowing for this case, the factors of safety 
suggested by the Airworthiness Panel should be considerably increased. 


The loading on the ship may be divided up into six components for the 
purpose of stressing, namely :- 

1. Bending moments in the vertical plane. 

2. Shear forces in the vertical plane. 

3. Bending moments in the horizontal plane. 

4. Shear forces in the horizontal plane. 
5. An axial force. 
» A torsion tending to twist the ship longitudinally. 


Captain RKosenthahl, Engineering, 
t Physics of the Air, p. 105, 
t Monthly Weather Report, June, 1922. 
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It must be noted that the worst aerodynamic loading must be taken in 
conjunction with the worst static case and together with gas pressure loads. 


4 The Stresses in the Structure 


\fter the disaster to R.38 constructional work on airships in this country 
came to a standstill. Work on theoretical lines, however, progressed, and con- 
siderable attention was given to the estimation of primary loads in the structure, 
which resulted in the publication of the ** Report of the Airship Stressing Panel.""* 
In a structure so flexible, complicated and highly redundant, as the rigid airship 
of the Zeppelin type, this was no small task. Theoretical investigations on this 
problem indicated that considerable improvements might be effected in the struc- 
tural arrangement of the ships with gain in rigidity and ease of manulacture. 
Due to the combinations of loading the airship will always be a highly redundant 
structure, and consequently any investigations into the problem of stressing must 
be dealt with by methods employing the principle of minimum strain-energy. 
It was from this aspect that the Airship Stressing Panel attacked the probiem 
of primary stress determination. 


It may be of interest here to mention the methods previously employed in 


ships of the Zeppelin type. The gasbag loads were transmitted directly through 
mesh wiring as a lateral load on the longitudinals. It was assumed that the 
resistance to bending was supplied by the longitudinals, the shear wires taking 
the whole of the shear loads. Working on these assumptions, there were two 


methods of proceeding ; incidentally these two methods gave discordant results 
except in special cases where the longitudinal and shear wire sizes bore a particular 
relationship to each other. We will call these two methods the bending and 
shearing methods. In the bending method the loads due to bending were calculated 
from the ordinary formula for beams (M/l=f/y) and it was assumed that the 
shear wires supplied the jongitudinal forces required by the bending moment. 
In the method of shears it was considered that one frame moved down relative 
to the next, the tensions produced in the wires being dependent upon. their 
clastic properties. For the longitudinals, the longitudinal components of the 
wires were summed up at each joint right through the ship, no account being taken 
of the elastic properties of the girders. It is probable that the bending theors 
gave optimistic values and the shearing method pessimistic, since it is found by 
methods based on the minimum strain energy of the members that, in general, 
the longitudinals take a considerable part of the shear but that bending tends 
to reduce the shear wire loads. It is evident that more accurate estimations 
are required than are supplied by these two approximate methods. 

In any method of stressing it must be assumed that the Principle of Super- 
position holds, that is, the loads due to any component of the loading mentioned 
may be evaluated and superposed upon the loads found due to any other com- 
ponents. The two basic assumptions made in employing methods of redundant 
stressing are 

1. That transverse frames remain plane, t.e., they do not distort out of 
their plane. 


2, All loads are applied at the joints which are assumed as pin-jointed. 


It is fairly obvious that these two assumptions tend towards opposite 


extremes and a compromise somewhere between the two must be adopted. 
The true assumption is that made in all redundant stressing, namely, that 
deflections and distortions of members are small compared with their length. 
Gne method suggested by the Stressing Panel consists in reducing the structure 
to the form of a composite girder to which orthodox methods may be applied. 


*R. & M. 800. 
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This applies if the structure may be considered as a long tube free from load 


along most of its length. Actually, however, an airship is continuously loaded 
and has not a great Jength compared to its diameter. In the case of an airship 


both ends are approximately true pyramids, hence the end frames remain plane. 
\lso by symmetry the centre frame would be plane. It was also found that frames 


practically remain plane when the shape was truly polygonal. This indicates 
the suppression of a keel member. If the validity of this argument ean be accepted 
it has the very great advantage that each bay may be treated separately. It 


was a similar line of reasoning that suggested the second method of stressing 
put forward by the .\irship Stressing Panel. In this method each bay is treated 
separately, the frames being assumed as not deflecting out of their own frame. 

These methods are rather long and tedious to apply but it is probable that 
any future methods will be developed trom this second method and will be attempts 
at simplification and application to design office routine. 


5 The Structural Arrangement 
The major considerations affecting the structural arrangement from the point 

of view of stressing are :— 

(a) All loads should be applied at the joints and, resulting trom this, that 
the girders shall be subject to: minimum lateral loading. 

(b) Transverse frames shall be constrained to remain plane, and as a 
corollary to. this 

(c) That the reinforced keel members be abolished. 


As previously mentioned, the lateral loading on the longitudinals was due 
in the Zeppelin type of construction to the fact that the mesh wiring was taken 
from a main Jongitudinal girder to an intermediate longitudinal. These inter- 
mediates were considered as contributing nothing to the longitudinal strength 
of the ship. They, fn effect, reduced the size of panel, and consequently approxi- 
mately halved the lateral load on the main girders. The only other system ol 
circumferential wiring emploved was that adopted on R.38. In this case cireum- 
ferential wires were run half-way round the ship, being fixed only at the bottom 
and to catenaries half-way up the ship, these catenaries taking the lift | 
directly to the transverse frames. This method was not very successful owing 
to the fact that the wires did not conform to the shape of the ship, and there 
were still lateral loads on the longitudinals due to the components of the wire 
loads, and due to direct gas pressure on the bases of the longitudinals themselves. 
The method of taking the wire loads through catenaries direct to the frames 


oads 


appears the most practical way of eliminating lateral load. Although the value 
of this system will not be known until the completion of the new ships, it appears 
probable from tests on water models that they will be quite successful. There 
is still a small lateral load due to outer cover tension, but, as it will be shown 
later in considering shape, this is not a disadvantage. The elimination of lateral 
loading does away with the necessity for intermediate longitudinals. | Further, 


intermediate transverse frames are not necessary, the function of which was to 
resist bowing of the Jongitudinals under lateral load. .\Iso the lateral load imposed 
on transverse frame girders is done away with, reducing the tendency of these 
to bow in the plane of the frame. 

The transverse frame has two functions to perform. In the first place it has 
10 contribute to the general stiffness of the ship since any distortion in the longi- 
tudinal plane would seriously affect the resistance and would also make the fins 


less effective. Its second function is to form a stiff bulkhead to take axial gas 
loads. These loads may be large when the ship is in piteh, due to ** surging,” 


and also when a gasbag is deflated, in which case the bulkhead has to take the 
ixial load due to the next gasbag. This latter condition is usually the criterion. 


JOURNAT 


These two functions, although reaily interdependent, will) be considered 
separately for a moment. To resist forces in its own plane the frame must be 
essentially a stiff ring. This necessitates a considerable depth of girder in a 
radial direction. Alternative designs for these rings are suggested by Major South- 
well in an R.38 Memorial paper.* To take axial gasbag loads the bulkhead 
must be extremely stiff (which is prohibited by weight) or must act as a flexible 
membrane, which may be accomplished by introducing a system of wiring. Now 
the simplest and most economical system is a number of tight radial wires. — It 
is obvious that such a system imposes large loads on the outer ring; this has, 
therefore, suggested the possibility of reducing these loads by using slack wires. 
Combining the two requirements of the frame we find that a tight radial wiring 
system would increase the stiffness of the outer ring (it is shown in Appendix NI. 
of the Stressing Panel’s Report that the tight radial system is the most 
economical from this point of view), and consequently reduce the depth and 
weight of girder required; but we have found that slack wires are better from 
the second consideration, namely, the loading of the frame girders. 

\gain, the value of either of these methods can only be shown on completion 
of designs employing them. 

In some designs an axial cable has been run throughout the length of the 
ship to which radial wires are attached. This has the great advantage of halving 
their length, due allowance being made for the movement of the cable when cai- 
culating the loads in the radial wires. The large extension in a wire of such 
enormous length, and erection considerations are serious disadvantages, 

Phere is now the question of large concentrated weights such as fuel, 
ballast, power cars and passenger coach to be considered, which should, as we 


have already seen, be concentrated as far as possible on the frames. It has been 
suggested that these be taken by reinforcing the lower half of the frame, and 
in effect making it a rigid structure. This would have the great disadvantage 
of causing “‘ ovalling of the frame: Probably the best arrangement is— by 
suspending such weights; the two possible places for suspension being the main 
joints and the joint at the centre of the radial wiring. It will be seen that 
all through we have considered loads taken at the joints, and these joints must 
in consequence be of substantial design. In addition to those mentioned they 


must take the difference in shear wire loads running from each side. Ino small 
ships these joints could not be made sufficiently strong, but due to the improved 
methods of design, rendered possible by the size of ships, this is feasible to a 
remarkable degree. 

The design of girders ts considerably influenced by the shape of the hull. | In 
a streamline shape it is obvious that unless fairings are used all longitudinal 
girders are curved to some extent, those in the bow having a very considerable 
curvature. They are also affected by the method of fixation at the frames. They 
may be so fixed that they are always perpendicular to the transverse frames, in 
which case they may be treated as fixed, ended at the frames, but very large 


secondary loads would be set up, causing distortion of the frames. A. better 
arrangement seems to be one where the girders are fixed at the frames, but not 
constrained to any particular plane. Ino this case they may be considered 
as continuous throughout the ship, but will have a point of contraflexure 
at each frame. Hence, in any one bay they may be treated as pin-ended. Now 
the effect of bowing may be considered as equivalent to lateral forces acting 
on the girder. Since the outer cover tension produces a lateral load inwards. it 
tends to reduce the effect of the bowing. In actual calculation the girder may 
be treated as an eccentric column and the bending moment equivalent to the 
eccentricity found. These general remarks do not apply to the girders in the nose 


of the ship, but since these must be specially strengthened to take mooring loads 


Stresses Rigid Airships, November, 1026, 
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and are built in the form of a stiff pyramid they constitute a special case and 
are, therefore, not mentioned in detail here. 

It is fairly well known now that failure in these built-up girders depends upon 
the failure of the elementary strut, namely, the length of one channel or member 
between bracing points. It is, therefore, necessary that the moment cf inertia of 
this elementary strut be as large as possible, which has led to the suggestion of 


using tubes. This has the advantage of increasing the distance apart of bracings 
in any particular girder and thus reducing weight. The use of tubes presents 


considerable constructional difficulties, but on the size of ship considered these 
are net insurmountable. 

The last consideration affecting the structural arrangement is that of case 
of preduction, Tf all girders were made a standard size and a standard overall 
length they could all be built in the same jigs and all bracings would be uniform 
and cculd also be made in a standard jig. The adoption of pin-joints has met 
with some success in small girders for semi-rigids in Italy, but for larger ships 
the weight would be prohibitive. The use of socket joints, however, is possible 
with considerable advantages from the point of view of erection and easy 
replacement. 


Threughout this discussion we have considered only what might be termed 


erthedex methods of airship design. As an example of designs developed on 
unorthodox lines it might be interesting to mention a design submitted to Messrs. 
Vickers in, [I think, 1917, and the invention of a Mr. Flower. This invention 


consisted of a very stiff axial girder to take all the compression due to bending. 
The transverse frames consisted of a very light starfish shaped structure, the 
outside contour of the ship being maintained by longitudinal cables which tock 
the tensile loads due to bending. Shear wires and mesh wiring were also incor- 
porated as in more orthodex ideas. Of course, the cbvious disadvantage is that, 
considering the ship as a whole, there is only half the depth cf girder chtained in 
the usual design. Also due to the great elasticity of the wires the ship would not 
maintain its correct shape. Although this scheme is chiefly remembered now for 
the beauty of the designs submitted, it shows that airship development does not 


necessarily follow along one definite track, 


6 Other Considerations Affecting Safety 

The danger to an airship in thunderstorms, due to electrical discharges, is 
not lirge, and may be greatly minimised by eflicient bonding of all metal 
parts. 

The risk of fire is only great when quantities of hydrogen and air are present 
and are liable to be ignited by petrol fumes catching fire. By efhcient ventilation 
this danger is small and fire is thus practically restricted to the power cars. 

The part that has the shortest life on the ship is the outer cover. There 
have been quite extensive developments in dopes and ‘ doping pigments 
for aeroplanes which are applicable to airship covers. The chief points are that 
the tension in ‘the cover must be maintained, otherwise there is an increase in 
resistance, and the fabric must be protected as far as possible from sunlight. 

The use of helium in the place of hydrogen has been very much advocated 
for use in airships, owing to its non-inflammability. The great disadvantages 
of helium are its great cost, about thirty times that of hydrogen; the very re- 
stricted output, it being oaly obtainable in parts of the Continent, and its poorer 
lifting power or, rather, greater density than hydrogen. These disadvantages fat 


overbalance the advantage of less fire risk. 


7 Future Development 
On the theoretical side one may expect further knowledge from) model and 
full-scale tests on the aerodynamical loading. Simplification of existing methods 
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and new methods of stressing may also be looked for as the result of experience 
on present designs. 


The use of hydrogen-kerosene engines and the development of Diesel type 
motors for aircraft have been occupying the attention of designers for some time. 


These systems possess several advantages over the petrol engine. By burning 
hydrogen which would otherwise be exhausted to the atmosphere, the range, 
manceuvrability and the operating cost are greatly improved. Again, if fuels 


having a high point of volatility are used there is the possibility of putting the 
engines inside the hull, which would materially decrease resistance and increase 
the controllability. 

One further development, to which one looks with anticipation, is that of a 
metal-clad airship. Experiments are being carried out in America on a small 
ship. ‘Although one cannot see the prospect of so designing as to allow the metal 
covering to take much load, it seems possible that metal covering may be used 
on ships of greater capacity than the present ones with great advantage from the 
point of view of durability and form resistance. 


8 Concluding Remarks 


Summing up we find that increased knowledge of loading has led to the 
development of more accurate methods of stressing which have indicated many 
improvements in the structural arrangement, until it should now be possible to 
huild a successful and economical commercial airship of a strength several times 
that of any previously constructed. One looks forward with great interest to 
the day when the two ships under construction will be completed and put into 
operation on an Imperial passenger service. 

Finally, I trust that in trying to cover a wide and rather complicated field 
] have not been too tedious but have been connected enough to rouse your interest 
to a lively discussion, or at least to a desire for further information. 


I am indebted to the Airship Guarantee Co. for permission to read this paper 


at the present moment. 
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BRANCHES 


YEOVIL BRANCH 
Paper read before the above Branch on 
ALIGNMENT AND CHECKING OF COMPONENTS 
BY R. C. TAYLOR, ESQ., A.F-R.AE.S. 


My intention to-night is to cater particularly for those who wish to sit for a 
Ground Engineer's Licence. Under these circumstances it will be necessary to 
deal in detail with the various points mentioned, general statements would not 
be of much assistance. 

] propose in this lecture to run over certain methods of checking components 
for alignment, but I would like to point out that just as there are *‘ more ways 
than one of killing a cat,’’ so there are more ways of checking components for 
alignment than those I shall have time to run over to-night, but I think these 
will be found to be the quickest and most efficient for the particular jobs. 


In addition, I also wish to make clear that there may be a considerable 
difference between the methods necessary for securing the alignment of a com- 
ponent during its construction and the method emploved in checking that align- 
ment. This centralises around the fact that one cannot hang straight-edges or 
other checking appliances on to struts, ete., which are non-existent, and therefore 
you may have to adopt methods of making your datum line outside the com- 
ponent under construction instead of its being attached to the component. — In 
all cases, however, it is preferable to have the datum line connected to the 
structure, and this can usually be done in the case of checking. 

The setting up of and methods of aligning components during construction 
is a separate subject and a job in itself, and it is not possible to include it in this 
evening’s discussion. Although a knowledge of the method of the setting up 
for construction, and the method of checking the component after construction 
is required of the candidate, it will probable be found that a knowledge of the 
various checks to be taken is the more important, as when a man is building 
his structure, if he knows what the checking points are to be, or in other words, 
if he knows what goal he is aiming for, he can devise ways and means of 
reaching that goal. 

The principle of checking all components and structures for alignment is 
the same in all cases. The checks of the alignment are taken in three separate 
planes or views :— 

. A check of the alignment in plan view. 
2. A check of the alignment in side view. 

3. A check of the alignment in front view, and sometimes, if necessary, 
4. A check of the alignment in under plan view. 

This applies to all components and structures, fuselages, main planes, tail 
planes, under-carriages, and to the complete aircraft itsel/. 

The object in setting up a fuselage or component for alignment is not to 
hang as many lines as possible on to it, so that it looks like a fisherman’s net, 
but to achieve the required result with as few lines and appliances as possible, 
and that is the test of skill. 


We will take the case of fuselage. 
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Principles of Lining Up a Fuselage 
1. Fuselage must be checked for alignment in Side View, Plan View and Front 
View. 

2. It is necessary to decide on datum lines, if they are not already fixed. (The 
datum lines vary with the type and will be dealt with as the alignment of 
each particular type is discussed.) 

3. In Plun View a fuselage is usually symmetrical about the centre line. 

4. In Front View it must present the correct cross-section-rectangular, sides 
flared out or in, according to design. 

Tail posts should be vertical. 


The structure should be in ‘ winding ’’ (important). 
5. Side View.—This is the view that usually presents the most difficulty. The 


profile should be checked by means of measurements taken from the daturn 
lines and also the following checks made :— 

(a) Stern post for being vertical. 

(b) Front struts, and in fact all struts, vertical or as designed. 

{c) Position of wing-root fittings, centre section and under-carriage 
attachments. 

(7) Position of tail spar attachment fittings. 

(¢) The position of engine mounting attachments and the check of 
the overall length, the width and the depth should be made during 
the alignment. 

6. The alignment of fuselages, bodies or nacelles may broadly be divided into 
three classes, viz. :— 

i. Mould or jig built. 

2. Partly jig built. 

3. Non-jig built. 

7. In the first case the mould or jig is checked against the drawings before the 
assembly of the fuselage is commenced. 
This check should cover the following points :— 

(a) The overall length of the fuselage. 

(b) The position for all struts or formers. 

(c) The overall width of the fuselage at each cross-strut or bulkhead. 

(d) The overall depth of the fuselage at each side strut or bulkhead. 

(ce) The position for all joint plates or fittings and particularly for the 
fittings for the attachment of the main planes, centre section 
struts, engine mounting, under-carriage, tail plane, stern post, 
rudder, fin, and for any other main fittings which can be posi- 
tioned at this stage. 

(f) The outline of the mould or jig should be checked against the 
drawing, i.¢c., straight lines should be straight, curved lines 
should be curved to the correct radius, and angles shown on the 
drawing should be checked on the job. 


(y) Moulds and ** box’? jigs should be checked for *‘ winding.’ 


8. Under these circumstances the only check that should be required for the 
fuselage itself is that it accurately fits the jig or mould; in certain cases, 
however, it may be necessary to carry out a general alignment check on 
the fuselage after its removal from the jig. 

9. In the case of partly jig-built fuselages, the sides or top and bottom are 
assembled in a ‘‘ flat’’ jig or on a laying-out table and are afterwards 
used as the basis for building up the complete fuselage. 


14. 


15. 


160. 
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The jig, in this case, consists of a flat table on which is marked out the 
outline of the portion of the fuselage to be assembled. Wood blocks or 
metal angle plates are then attached to the table in such positions as will 
permanently fix the outline and the position of the joints. 

The checking of a flat jig presents no difficulty and is carried out along the 
lines I have just described for moulds and jigs. 

A fuselage built on this principle will require checking as follows :— 

(a) The general alignment (this will be considered in detail later). 

(b) If the sides were jigged, then width dimensions of the fuselage 
will have to be checked after assembly. 

(c) If the top and bottom were jigged, then depth or vertical dimen- 
sions of the fuselage will have to be checked after assembly. 

(d) The overall length. 

In the case of non-jigged fuselages, the checking of the entire assembly has 
to be done from first principles, which involves a check similar to that 
given for moulds and jigs, but which will have to be extended to greater 
detail in order to cover every dimension given for the assembly and the 
position of every joint. The methods of carrying out this check and of 
checking the alignment will be considered later. 

When checking a jig-built fuselage, one should have previously made oneself 
conversant with the jig in order to satisfy oneself that all the essentiai 
points have been correctly jigged and that therefore after assembly no 
further checking of these points is required. 

The majority of fuselages are partly jig-built or entirely jig-built nowadays. 
The non-jigged one, however, is likely to be met in the case of repair o1 
reconditioning work at aerodromes, and in the case of the alignment, in 
position, on a machine of a fuselage which has become ‘* soggy ’’ in ser- 
vice, and also in other cases, ¢.y., certain experimental machines. 

When checking, it should be clearly kept in mind how far one ts relying on 


the jigging. 


Method of Supporting Fuselages 


This point appears obvious, but is frequently neglected. [ have seen fuselage 
three-ply sides permanently buckled by the fuselage being supported in 
incorrect positions, and also longerons damaged from a similar reason, 

The usual positions for supporting a fuselage are as follows :— 

(a4) Under under-carriage attachments, or 

(b) Under spar attachments, or struts immediately beneath same, or 
(c) For heavy jobs, under both positions, 

(/) By tail skid, or under struts immediately beneath tail spars. 

In principle there are two methods of ascertaining that the fuselage is 
straight in either plan view or side elevation. 

The first method consists of marking out the centres of each horizontal 
cross strut for plan view check and each side strut for side view check. A 
line is then stretched longitudinally along ihe top or side of the fuselage, 
as required, and if the fuselage is straight the cord will cut the centres 
of the struts. 


squaring ’’ each bay throughout the length 


The second method consists of 
of the fuselage in either plan view or side view. The ‘ squaring ’’ is 
generally done by means of trammels. Measurements are taken from 
corner to corner of each bay, on the centre of the longeron at the point of 


10. 
12. 
= 
= 
I. 
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10. 


intersection of the centre lines of the cross and side struts (see Fig. 1a). 
(In practice, when measurements from this point are impracticab 
nearest approximation to this point is used.) 


le the 


Pac. BiG, 


The second method was the one originally used, but the first method 1s 
now more generally adopted as it is found to be the quicker. 

Before proceeding, I] will define two terms which will be used [requently in 
the subsequent descriptions of the method of checking. 

Datum Line.—A line across or along the fuselage from which can be made 
al] the necessary measurements for the purpose of checking the alignment 
and/or profile of the fuselage. 

Levelling Place.—TVhe struts or longerons or special blocks or any portion 
of the structure specially indicated as the place against which a spirit level 
may be tried for the purpose of ascertaining whether or not the longi- 
tudinal and transverse datum lines of the aircraft are horizontal. 

This may be more briefly explained as the place on the fuselage which is 
used for levelling up the aircraft for rigging purposes. 

The information to enable the side datum line to be fixed should be obtainable 
from the drawing of the fusel.ge or from the rigging diagram. 

In the case of the levelling place, the position of this should also be obtain- 
able from the same source, and after the first erection of the aircraft the 
position should be suitably indicated on the fuselage. 

It may be noted here that all levelling places are not necessarily horizontal ; 
in the case of the Vickers ** Viking,”’ for instance, the levelling place is 
set at an angle to the horizontal, and a clinometer or other suitable 
appliance is required when levelling up the aircraft. 

The Ground Line and its Use.—A ground line is a cord. stretched longi- 
tudinally beneath the centre jine of the fuselage at a few inches from the 
ground (Fig. 2). Its purpose is to obtain a datum line to which the 
fuselage may be assembled and/or aligned. 


7 
| 
\ 
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14. When a fuselage is not completely mould or jig-built, a ground line is neces- 
sary during its assembly in order that the truth of the assembly may be 
checked while the work is proceeding. 


GROAND 
BIG: 

15. A ground line may also be used for aligning an assembled fuselage in plan 
view, but when practicable it will be found quicker to use either a centre 
line or ** side lines,’’ as these may be hung from the fuselage and there is 
therefore less risk of the setting being disturbed. The method of using 
these datum lines will be considered later. 


Setting Up a Fuselage for Checking 


1. The fuselage should be supported as previously described and on trestles. 


2. Level up the fuselage by means of the levelling places provided, so that the 
transverse and longitudinal datum lines are horizontal. 

3. In the case of a fuselage with under-carriage attached, it should not be 

supported under wheels or axle, as the shock-absorbing gear will upset 

readings. It is still preferable to support it with trestles directly unde: 

ihe fuselage itself, 


Checking the Alignment of Various Types of Fuselages 
TYPE A. 
STRAIGHT TOP TYPE. 


I. 


Levelling Plice.—Top longerons and fuselage cross strut at base of 
centre section struts. 


front 


ar 
Tree A. 
lia. 
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Checking Datum (Side View).—Top longerons. 
(Front View).—Top longerons or cross strut at base ol 
front centre section struts. 
(Plan View).—A cord down centre line of top of fuselage. 
Assume the sides of this fuselage to have been built in a ‘‘ flat’’ jig or on a 
laving-out table, which has been previously checked for position of struts, 
fittings, ete., as already described. 
The procedure is now as follows :— 
In Plan View. 
Check that centre line cuts all struts through their centres. 
Check width or top of fuselage at various points, particularly at the following 
points — 
(a) Front end. 
(b) Front and rear centre section strut attachments. 
(c) (On bottom) at spar attachments. 
(d) Front and rear tail spar attachment. 
Sight fuselage to see that has fair lines. 
Check A=4, (Fig. 8). 
Cross trammel at centre section strut attachments, and as a safety check, 
- 
cross trammel on under side at spar joint attachments. 
Check sides for vertical with a vertical level which, in addition, will prove 
bottom profile. 
N.B.— A vertical level will show errors of 1/32in. on the average fuselage, 
and if none are greater than this | do not think you will find that inspec- 
tion will complain. 


In Side View. 

Direct measurements can be taken from the top longeron for the depth of 
the fuselage at various points. As the sides were passed off on the 
laving-out table, the following points need only be checked :— 

(a) end. 

(1) Front and rear centre section strut attachments and bottom spar 
attachments. 

(c) Stern posts. 


If sides had not been passed off on laying-out table, the depth of the fuselage 
would have to have been checked at each strut. 


Front struts should be vertical. 


Stern post should be vertical. 


In Front View. 

Sides for vertical have already been checked. 
If practicable, cross trammel front end as an additional check (see Fig. 1). 
Use ‘‘ winding ”’ strips at the following points :— 

(a) Front end. 

(b) Front and rear centre section struts. 

(¢) Above front tail spar attachments. 

(7) An intermediate bay. 
Also an additional check, with a level, may be made at the same points. 
Stern post for being vertical. 


Fuselage may also be turned over and checked in that position, if preferred. 


> 
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TYPE B. 
EVEN TAPER TYPE. 
Tyee .B. 


Fic. 


Levelling Place.—Front portion, top longerons and fuselage cross strut at 
base of front centre section struts. 
Checking Datum (Plan and Side View).—Cord stretched through centre of 
, fuselage (Jin. above centre, in side view). 
(Front View).—Top lJongerons or cross strut at base of 
front centre section struts. 


Assume the sides of this fuselage to have been built in a ‘ flat’? jig or on a 
laving-out table, which has been previously checked for position of struts, 
fitting, ete. 

In Plan View and Side View. 

First check the width and depth at the various points given in previous 
example. 

With an assistant, measure off width at each strut against datum cord. Use 


two short straight-edges against outside of longerons (see Fig. 5). 


Both measurements may be made simultaneously. By this method two 
checks may be made at once, viz., that the fuselage is tapering evenly 
and, by allowing for the dimensions of the longerons, that the width of 
the fuselage, at any strut, is correct to drawing. 

UNEVEN TAPER IN SIDE VIEW. 
DE H. 9a TYPE (Figs. 6 and 8). 

Levelling Place (Longitudinal).—Front portion, top longerons. On De H. ga 
aircraft, levelling or datum blocks are attached to out- 
side of fuselage side (port). These blocks are made 
parallel to fuselage top longerons, front portion, and 
serve for longitudinal lJevellings. 


(Transverse).—Longerons or cross strut at base of front 
centre section struts. 


> 
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9. Mark off centres of all vertical struts from commencement of taper of sides 


JOURNAI, 


Take two cases—(I.) the constructional case with ground line and (II.) the 


checking case with side lines. 


© @® © 


‘ 
— 
— 
| 
bic. 6. 


Case IT. witH GrouNnD LINEr). 


Checking Datum (Plan View).—Ground line. 


(Side View).—Top longerons and centres of rear vertical 


struts. 


(Front View).—Top longerons at base of front centre sec- 


tion struts. 


In Plan View. 


Setting up :— 
(a) Fix ground line (see Fig. 2). 
(b) Mark off centres of all horizontal struts. 
(c) Hang 
also at front of fuselage and at stern post. 


(d) The front portions of top longerons should be horizontal, longi- 


tudinally and transversely. 


Then for top and bottom of fuselage to be straight in plan view, all plumb 
lines should cut centres of both top and bottom cross struts and should 


fall immediately above ground line. 


The width of the fuselage should then be checked at the following points :— 


(a) Front end. 

(b) Front and rear centre section strut attachments. 
(c) Commencement of taper. 

(d) Front tail spar attachment. 

(ec) (Under side) spar attachments. 


The width of the tapered portion is checked at various struts, with gauges. 
Cross trammel at centre section strut attachments (top and bottom) and 


(Fig. 


cut off front end of longerons to length, so that . 


Tan Spar 


In Side Vie 


to stern post (see Fig. 7). 


- plumb lines from the centre of each possible horizontal strut, 
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The front length of top longerons being level, and the sides of front portion 
having been made in a jig, this portion is O.K. 

The rear portion is checked by means of a straight-edge and a jig for the 
tail spar beam and stern post, as illustrated in Fig. 7. 

The depth of the rear end is checked at the various struts with gauges. 

The plumb line at the stern post will show if this is vertical (see Fig. 6). 

\ vertical level or plumb line on front struts will show if they are vertical 
(see Fig. 6). 


In Front View. 
The sides should be checked for being vertical with a vertical level. 
The fuselage should be ‘* boned "’ through (or tried for ‘* winding ’’) at the 
following points :— 
(a) Front end. 
(lb) Base of front and rear centre section struts. 
(c) Just before taper commences. 
(d) Adjoining front tail spar attachment. | 
The ‘‘ winding ’’ strips should always be placed as near as possible to a 
vertical strut. 
An additional check should be made at the main spar attachments with a 
level. 
Stern post for being vertical. 


Sight fuselage to see that it has fair lines. 


Cenree SECTION 


Front Awo Rear 
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CAsE II. (CHrckInG ONty). 
Checking Datum (Plan View and Side View).—The side lines. 
(Front View).—Straight-edge supporting side lines. 

If the tail portion as well as the front portion has been assembled complete 
with stern post in a jig, checking by means of side lines may be employed. 
It is simpler and quicker. 

This method of checking by side lines is given in full, as this is the method 
that should be employed for a fully jigged fuselage or for a fuselage which 
has previously been approved for alignment and dimensions, ¢.g., a 
fuselage which has been partly dismantled after having been approved 
and which is again offered for alignment or a fuselage which has become 
‘soggy ’’ in service and requires re-aligning. 

We will take the case of the De H. 9a again, so as to obtain a direct com- 
parison of the methods. 


The fuselage is in this case set up as shown in the diagrams, with no ground 
line. 


10. 
1. 
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Plan View (Top and Bottom, see Fig. 8). 
26. Trammel A=A,. 
27. Cross tramme] at centre section struts. 


28. Set B=s.. 
=plus two inches on given width of fuselage. 


Measure fuselage at each strut against side lines (see Fig. 9). This wil 
give width of fuselage as well as straightness and taper. 


9. 


30. Check sides for vertical with a vertical level. In addition, this will give 
top and bottom profile O.K. 
31. Cross trammel bottom wing-root fittings as additional check. 
Side View (see Fig. 6). 


Check top rail (constructional datum line) of fuselage against the side lines 


32? 
at the following three points and compare with drawing :— 
(G) Front. 
(1H) Commencement of taper of top longeron. 
(1) Stern post. 
Check both sides of fuselage. 
33- Plumb lines at front and rear show if respective struts are vertical. 
Front View (see Fig. 10). 
Laver 
AR 
Q-G, 
Fic. 10. 
34. Sides for vertical, already checked (par. 30 above). 
35. G=G,, already checked (par. 32 above). 
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36. To check that fuselage is not twisted, use ‘* winding ’ 


points (Fig. 6). 


strips at following 


(C) Front end. 
(D) Front centre section struts. 
(E) Rear centre section struts. 
(F) Above front tail spar joint. 
N.B.—As an additional or alternative check, if desired, a cross level may be 
used at these points. 
37. Stern post for vertical. 


38. Engine bearers for ‘* level,’’ both ways. 
TYPE 4); 
TAPERING IN ALL DIRECTIONS, NO PARALLEL LONGITUDINALS. 
LARGE TYPE FUSELAGE. 


1. For this example, in order to cover all cases, we will take that of a fuselage 
which is not jig-built, and therefore all checking will be done from first 
principles. 


2. Levelling Place.—For constructional purposes and first alignment check see 
Fig, 12. After fuselage is approved for alignment, marks or blocks should 
be placed on suitable vertical and transverse struts to serve as levelling 
place for re-alignment and for rigging purposes. 

In Plan View. 

3. The best datum line is a line running through the centre of the fuselage, 
two assistants, one at cach side, holding straight-edges against the 
longerons, and checker inside taking readings from. straight-edges to 
datum line (see Fig. 5). 

4. If centre line cannot be got through, side lines will have to be used in the 
usual way. 

5. A table of the required dimensions for checking the width at several points 


along the length should be prepared beforehand, and these can then be 
compared with the job. 

6. The sides are then checked for vertical with a vertical level. On these being 
proved true, the top and bottom profiles will be the same. 


>. The cross trammelling, width and other checks are taken as in the previous 


~ 


cases. 


In Side Vie 


8. The best way to tackle this job is to do it in halves, front portion and rear 
portion; and as regards the datum lines, two straight-edges, one clamped 
on each side, is probably the most practical method. 


TreD 
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9g. Two points are worked out from the drawing dimensions, one on the front 
strut J, the other on the vertical strut K, which, when joined, will give a 
horizontal line when the fuselage is correctly aligned (see Fig. 11). 

10. Two straight-edges, one on each side of fuselage, are clamped against these 
struts, level with the points marked. The struts are then adjusted in a 
vertical direction until both straight-edges are horizontal, longitudinally 
and transversely (see Fig. 12). 


FUSELAGE 
Fuse ace | 
K 
|| 
| 


sr 
Ra = 


PAG... 12; 


These two straight-edges will then serve as the levelling place and also 
as horizontal and transverse datum lines. 

11. The front portion is checked for alignment and the straight edges are then 
refixed in a similar manner on the rear portion, which is also checked to 
drawing and for alignment. 

12. The method of checking the profile is to measure the height of the top 
longeron from the straight-edge, along the vertical struts, front and rear. 
Check that the rail is straight by means of a line. If the rail is not 
designed straight, similar measurements will have to be taken at each 
strut or joint. 

13. The bottom longeron is checked in a similar manner. 

14. The horizontal distances between joints is then measured by transferring the 
distances to the top face of the straight-edge. This can be done by means 
of a large square or by plumb lines. 

15. The spar joint fittings must be carefully checked for position and for incidence. 
It should be possible to take both these measurements from the top face 
of the straight-edge. 

N.B.—Incidence, in this case, is the difference in height between the front 
and rear fittings. 

16. Check vertical struts for being vertical in all directions with a vertical level. 

17. All longerons shown straight on the drawing should be checked for straight- 
ness with lines. 

18. The side view profile could also be checked by turning the fuselage on its 
side, rigging up side lines and treating it as though it were a plan view. 

This would be useful if the fuselage had been disturbed after once being 
approved for alignment and a re-alignment check only was required. 

19. The horizontal distances may also be measured, as an alternative method, 
by rigging up a ground line and dropping plumb lines from the joints, 
the measurements being taken between the plumb limes at the 


ground line. 
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In Front View. 
zo. The check in front view is similar to the previous cases, the 
strips and cross level should, however, be used freely. 


‘winding ”’ 
21. The datum for this check is a straight-edge placed transversely across the 
two longitudinal straight-edges, as shown in Fig. 12. 
CIRCULAR IN CROSS SECTION AND STREAMLINE IN PLAN AND 
SIDE ELEVATION. 
(Fig. 13.) 

1. This type of fuselage is usually entirely mould or jig-built, in which case the 
check required is confined to ascertaining that the fuselage is an accurate 
fit on the jig or mould. The jig will, of course, have been checked, as 
described previously, prior to the assembly of the fuselage to it. 


2. Levelling Place.—This will have to be ascertained either from the instruction 
handbook or, in the case of a new type fuselage, from the drawing office. 
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3. Datum Lines.—Generally speaking, these will not be required in the checking 


of this tvpe of fuselage built to a jig or mould. If, however, it should 
be necessary to make a re-alignment after a bad landing or during’ re- 
conditioning or at any other time when the jig or mould is not available, 
the most suitable datum line for this purpose would be a line down the 
centre of the fuselage. If this were not practicable, two pairs of ‘* side ”’ 
lines might be rigged up, as shown in the figure, one pair operating in 
plan view and the other pair in side view. 

4. By taking measurements of the fuselage at any section, against the side 
lines, the profile may be checked against the drawing and the truth of 
the fuselage proved. 


5. It should be noted that, owing to the sag of a cord when used as a datum 
line, measurements should only be taken from such a cord in the hori- 
zontal plane and, if necessary, the fuselage should be turned over in order 
that the sag of the line will not affect the measurements being taken. 


Monocoque Fuselages 


This type of fuselage, covered with metal or three-ply or some similar 
material, should always have a final alignment check after removal from the 
jig or mould to ensure that any stresses set up in the structure during construc- 


tion do not cause distortion after the support of the jig or mould is removed. 
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YEOVIL BRANCH 
Paper read before the above Branch on 
DEFECTS AND DETERIORATION 


BY W. G. GIBSON, ESQ., A.F.R.AE.S. 


The Ground Engineers’ Licences with which it is proposed to deal during the 
present series of classes are Categories A, B and C. 

Ground Engineers in Category ‘‘ A’ are responsible for inspecting and 
certifying all daily adjustments for flight and for the fitting of spares already 
approved either by a Ground Engineer holding Licence B or by an aircraft firm 
whose inspection is approved. 

They cannot make and approve a constructional repair or certify an aircraft 
after complete overhaul. 

A Ground Engineer in Category ‘‘ B’’ is empowered to pass aircraft which 
have been repaired or overhauled. He is also empowered to certify both work- 
manship and material of aircraft parts repaired or newly manufactured and fitted 
to aircraft. 

Ground Engineers in Category ‘‘ C”’’ are responsible for the inspection of 
engines and engine installation after any adjustment or the fitting of spares already 
approved by a Ground Engineer holding a Licence in Category ‘* D”* or by an 
aero-engine firm whose own inspection is approved. 

They may certify that a top overhaul has been carried out satisfactorily, but 
cannot approve the manufacture of a new part or the complete overhaul of an 
engine. 

Ground Engineers in Categories ‘‘ A,’’ and ‘‘ C’’ are empowered to 
issue daily certificates required by the Secretary of State in their own Categories 
only. Thus a Ground Engineer holding a Licence in Category ‘‘ A ’’ may approve 
the fitting of a wing cbtained from an approved source, but he cannot repair a 
wing for re-fitting to an aircraft. 

In the same way a Ground Engineer in Category ‘‘ C *’ may, for instance, 
fit a new oil pump to an engine, but he cannot approve the repair of an oil pump 
for re-fitting to an engine. 

It is proposed in these classes to take the Syllabus issued by the Air Ministry 
for the examination for Ground Engineers’ Licences in the order in which they 
are given in the Syllabus; that is to say, Category ‘‘ A ’’ will be taken in its 
entirety, then Category ‘‘ B”’ and then Category ‘‘ C.’’ At the same time it 
should be understood that a proper understanding of the points called for in 
Category *‘ A’ is essential to a holder of Category ‘‘ B’’ Licence, and both 
“A and ‘* Bare useful to the potential holder of a certificate in Category ‘‘ C.”’ 

[ propose to deal in the present paper with general defects and deterioration 
encountered during the normal life of an aircraft without reference to actual 
breakages caused by a crash, together with the more general methods of over- 
coming and repairing such defects and deterioration. 


Fabric 

The most common accident is, of course, a rip or tear in the fabric covering 
of the machine, which may be caused through carelessness in leaving or dropping 
tools on the wings, damage by cattle or spectators, or by carelessness in erection. 
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Small tears may be repaired by stitching the tear up by herring bone stitching, 
pulled as tight as possible, after which the dope and the pigment covering, in 
the vicinity of the tear, should be removed by the use of a standard dope remover. 
The exact make of this will, of course, be determined by the dope used on the 
machine. When all traces of the original dope covering have been removed as far 
as possible, a patch may be applied which should overlap the extremities of the 
tear by at least three inches all round. The patch should be prepared by fraying 
out the edges by the removal of the threads for }in. to 2in. all round. The wing 
to be repaired should be well doped in the vicinity of the tear, the patch applied 
and well doped down afterwards being well smoothed down with the fingers, 
and particular attention being paid to the pressing down of the frayed edges, 
as if these are left, the whole patch will very soon come off. As an additional 
precaution it is, in my opinion, preferable that if the patch to be applied is gin. 
to 12in. in any one direction, to apply ordinary frayed edge tape all round the 
patch before the final coat of dope is applied. This depends entirely upon the 
discretion of the engineer concerned, and the size of the repair involved. 

When the first coat of dope is dry, and the correct time for drying has 
clapsed, which again depends upon the class of dope in use, the second and _ third 
coats may be applied at the proper intervals, after which a coat of the pigmented 
covering may be applied, or if necessary, two coats. 

When the tear reaches such a size that a good job cannot be made by this 
mcthed, it is always better to completely re-cover the whole panel, i.e., the whole 
plane between the adjacent ribs. This should be done as follows :— 

The fabric should be carefully cut away, care being taken not to injure the 
small weoden parts inside and not to cut the stringing attaching the fabric to 
the two ribs. The bind, or frayed edge tape doped on the fabric over the ribs 
should also be removed and for this purpose it may be necessary to soften the 
dope over this with a dope softener or remover, and before the new is applied 
the old dope should be carefully removed for a couple of inches along the edge 
of the remaining fabric on both sides and round the wing. The new piece of 
fabric cut to the correct size should now be stretched around the wing, commencing 
at the trailing edge, to which it should be lightly tacked, going forward underneath 
round the leading edge and back again to the trailing edge. An overlap of at 
least rin, ever the ribs on each side should be allowed ; the fabric being temporarily 
tacked into position may now be finally tacked down, care being taken to preserve 
an even tautness, and also to see that the tacks are driven through the centres 
of the ribs, leading and trailing edges, as on light members a tack or pin breaking 
through the edge of the member may easily reduce the strength to considerably 
less than half the original strength. 

The fabric should be trimmed off along the trailing edge so that an overlap 
of at least rin. is also allowed there. The new fabric should now be strung 
on to the wings, the stringing being placed so that the new knots come half-way 
between the existing stringing. This will result in twice the normal number of 
stringing turns being applied to each rib. 

The stringing should, of course, be carried out in the normal way, by stringing 
through the tape laid round over the fabric after the fabric is applied, and in 
all cases the standard knot shown in the diagram should be used for every knot. 

The first coat of dope may be applied on the edges of the new panel only, 
to ensure that the correct adhesion of the panelled fabric is secure on either side. 
If this were not done and the whole panel was doped at once the tightening over 
the whole panel might result in the strength of the doped joint being reduced. 


When this first coat of dope on the joints only is dry, doping should be 
proceeded with in the usual way. After the first coat the new external bind should 
also be applied and it is better in this case to use two binds overlapping each 
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other to get a reasonable width over the joint. The remainder of the doping 
follows the usual practice, and requires no comment. It should be unnecessary 
to add that all tacks and pins should be removed before the final doping, except 
on the trailing edge, where they are better left in unless the engineer is ccompctent 
enough to stitch the rear seam, which is not likely. 

It is very unusual for any deterioration to take place in the fabric of an 
aeroplane within the period allowed before re-covering should take place, 1.e., 
100 hours. In fact one would imagine that standard dope fabric stands up to 
wear and tear as well as any part of an aeroplane, as it is extremely rare for 
cases of failure to be reported. It is, however, sometimes the case when the 
stringing securing the fabric to the ribs does give trouble, and whenever fabric 
is seen to show signs of giving way from the ribs, the plane should be opened 
up sufficiently to examine or feel the stringing, and if this shows any signs of 
looseness it should be renewed by re-stringing at regular intervals between the 
existing stringing. If the dope or the pigmented covering shows signs of peeling 
away or the fabric becomes soggy, fresh dope may be applied, but it is important 
to see that the surface to be re-doped is clean, dry and free from oil or grease. 

It is not always possible for repairs to fabric to be carried out under the 
conditions covering the manufacture of new wing's, but it is perfectly useless to 
apply dope to damp fabric. 


Structure 

The timber members of an aeroplane most likely to give trouble in ordinary 
wear and tear are the ribs and trailing edges cf the wings and other lifting or 
controlling surfaces, which are usually designed solely to take flying loads and 
not to withstand loads which are put upon them by an unskilful or ignorant person. 
The condition cf a rib can usually be determined by tapping it with the hand 
from the outside of the wing, and this is a precaution which should be taken at 
reasonable intervals. 

if the rib is found to be flexible or to show signs of breakage, it should be 
opened up to determine what defect exists, and what measures are necessary to 
repair it. Probably the most usual case is for vertical or diagonal members to be 
split through the pin or tack holes cr to become unglued. The remedy is of 
course obvious; but it occasionally happens that one, or both, of the booms is 
broken or fractured. In this case a reasonable repair can usually be made by 
splicing and binding. 

On no account should a compression rib or drag strut ever be repaired in this 


manner. If one of these members is found to be damaged or deteriorated the wing 
should be opened up and the complete rib properly rebuilt, replacing all faulty parts 
with new material. A drag rib can always be identified as the wiring plates 


carrying the internal bracing of the wing are fixed at either end of these ribs, or 
if the wing is braced with diagonal struts, at the termination of these struts. 

The remarks which apply to the drag ribs or compression ribs apply with 
equal force to the ribs to which the trailing pulleys or other control fittings are 
attached. No attempt should ever be made to splice or repair these in any way 
except by the replacement of all faulty parts by new material. 

The trailing edges are sometimes broken and sometimes become detached or 
loose at the junction of the ribs. In the latter case the remedy is of course to 
re-glue and screw and afterwards well tape the joint with glued tape. 

If the ‘trailing edge is broken a satisfactory repair can usually be made by 
splicing in a new section with an ordinary scarph splice, which should be glued 
in and well cramped up and afterwards bound with glued tape before recovering. 
It should be unnecessary to add that all varnish, dope-resisting paint, etc., should 
be removed before the splice is made and the taping carried out. If the trailing 
edge is of steel tube, as is sometimes the case, the best plan is to cut out the 
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damaged section and fit a new piece of the same class of tube with an external 
sleeve joint which should overlap the ends of the tube at the joint by about three 
times the diameter of the maximum dimension of the tube, and should be pinned 
in position with metal rivets or taper pins. 

I do not recommend the use of a sweated joint on this occasion as it is 
extremely difficult, if not impossible, to remove traces of flux or acid from the 
joint in position, and without the use of a blow lamp, which would be in most cascs 
dangerous, it is not possible to make a good sweated joint. Such a joint should 
always be made as close to a rib as possible, as this is usually the point where 
the least strength is required. 

The same remarks apply to the repair of leading edges which are sometimes 
damaged through running into a fence or are damaged by cattle, but in this case 
it is very important to make a careful examination of the main spar in the vicinity 
of the break, as this may have been damaged by a shock being transmitted to it 
through the ribs. 

Interplane struts seldom give trouble except through bowing, with which | 
have dealt in a previous paper; but occasions have been known where, owing’ to 
badly fitting sockets and to the lack of drain holes in the bottom of these sockets, 
the damp has run into these sockets and the bottom end has commenced to rot. In 
such a case of course the struts should be replaced, and | would advise that where 
machines are liable to be left out in the open under rainy conditions such joints 
should be painted with bituminous paint to seal the joint as far as possible, and 
afterwards wrap with tape. Another defect which may arise in a strut with a 
belt passing through it at either end is for a shake or a split to develop along the 
line of the bolt hole which may be the result either of faulty bedding of the strut 
in the first place or to the strut having been twisted whilst in position on the 
machine. In such a case of course the strut must be removed as failure of an 
interplane strut would probably involve collapse of the machine. 

Three-ply covering, particularly on the underside of machines, requires careful 
watching in the casc of machines liable to be left out in all weathers, and should 
moisture accumulate in corners where it cannot drain away, separation of the 
three-ply joints will settle in very quickly. Probably the best preventative of this 
is to drill small drain holes preferably fitted with metal eyelets wherever it is 
pessible fer moisture to accumulate. Should such a case of moisture accumulation 
be found, a careful examination of the adjacent timber members should be made, 
particularly if they are of spruce, and if any sign of dope or bad discoloration of 
the timber is feund, the timber should be well scraped and cleaned off to make 
certain that the detericration is not such as would necessitate a new member. If 
the examination is satisfactory the timber should of course be re-varnished or re- 
painted before covering. 

It is occasionally found that where a machine has been subjected to heavy 
landings the longerons show signs of crushing under the centre section struts and 
over the undercarriage struts. It must be left to the engineer in charge to determine 
when this is serious. Bowed struts in a fuselage usually show themselves by the 
slackening wires, in the immediate vicinity. 

When it is necessary to tighten the wires, this should not be done until the 
struts have been examined for bowing. 

It is possible for box members such as aileron spars, hollow elevator spars 
and rudder posts, or even box main plane spars to deteriorate at the glued joints, 
and for this reason the practice of entirely wrapping these members with fabric 
or tape cannot be too strongly condemned, as such deterioration of the joints cannot 
be seen if the timber is entirely covered by fabric. If signs of slackness are 
found in a covered unit which contains such box members an immediate examina- 
tion should be made in ease the glued joint has failed. If it is not possible to 
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satisfactorily repair it, it should be scrapped. In this connection all box members 
should be provided with ventilation holes to each hollow section to allow of free 
entry cf the air and to prevent bursting, which might occur owing to the change 
in atmespheric density at a high altitude. 

With regard to metal fittings, trouble is not usually experienced with these 
except in control units where they are liable to wear and require re-bushing or 
replacing. If the fitting is badly bent, it should of course be removed and 
normalised, but before this: cperaticn is carried out a careful examination should be 
made for cracks and this will necessitate the fitting being properly cleaned. 

Slack holes in wiring plates and similar fittings do not necessarily denote that 
the fitting is worn or strained. If a fitting is rusty, it should naturally be cleaned 
or painted and enamelled, but if this is seen in a fitting sweated or soft-soldered 
together cr on metal tube which is sweated into the socket it should be removed 
and the joint pulled apart as the rust is due probably not to weather or moisture 
but to the presence of acid or soldering flux which has not been properly removed. 
When re-sweating the joint the greatest care should be taken to wash the whole 
jeint after soldering, first in strong soda water, preferably caustic soda, and 
secondly in warm water to remove traces of the soda. I am personally strongly 
opposed to soldering or sweating in any form except where it is absolutely im- 
possible to do without it, as on tanks 

If metal fittings which are rivetted together, i.e., laminated fittings, show 
signs of coming apart, they should be removed and examined to ensure that the 
rivetting is satisfactory. If the rivetting requires replacing the parts should be 
painted before the two surfaces are joined together again. 

Stecl tubes seldom give trouble except under crash conditions. The only 
things which are likely to require attention are, as mentioned above, rust due to 
soldered joints in which the flux has not been entirely removed and occasional 
bowing owing to the over-tightening of wires or heavy landings. Tubes which are 
bowed should not be straightened if the bow exists more than 1 in 600. 


Propellers 

Prepellers usually give very little trouble providing they are kept properly 
painted, and where liable to fly in bad weather the metal tip should be periodically 
examined to ensure that the timber is not shrinking away from the sheathing, 
thus allowing the entry of water. It should also be examined for loose screws, 
in which case they should immediately be replaced by the next size screw, the 
head of which should, of course, be soldered into the sheathing. On no account 
should the joints between the section of sheathing be soldered up as these are 
necessary to allow for the expansion and contraction of the timber. Propellers are 
liable to become out of track. That is to say, one blade warps forward or back- 
ward of its normal position at the tip, and this should be checked periodically. 
\ propeller badly out of track will affect the smooth running of the engine. If the 
pilot reports an unusual pitch in the engine which cannot be traced to engine 
trouble, the tracking should be checked. Propellers will also warp in such a was 
that the pitch is affected. This can also be easily checked. The pitch should not 
vary by more than $° and in fact more than a difference of this amount at the tip 
or near the tip of the propeller is sufficient to affect the smooth running, and more- 
over may set up dangerous flutter in the propeller. 


Track can be remedied occasionally by skilful facing of the front and rear 
faces of the propeller boss. When the variation in tracking is small, faulty tracking 
may alse be due to the uneven tightening of the propeller hub bolts, in which case 
the remedy is obvious. Variations in pitch cannot, however, be altered except 
by skilful re-shaping by good propeller makers, and therefore if the propeller varies 
in pitch more than the limits given above, it should be discarded. 
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If a propeller shows signs cf opening up on the laminations the joint should 
be examined by a Fecler gauge, and if the opening exists below the surface of the 
wood, the propeller should be discarded. 

Re-fabricing cf the propeller tips can be carried out in the average workshop, 
the only precaution which it is required to observe being a fairly warm temperature, 
and the removal ef all oil, varnish and glue from the propeller and fabric which 
has been well washed to remove all dressing and soaked in airscrew glue before 
application. The fabric should be well rubbed down on the wood, care being 
taken to remove all blisters, and the overlap must not be pleated, but must be 
worked in to give a smooth finish all round. 

The last remark must be modified in the case of very small propellers, where 
the small radius of the tip renders pleating inevitable, and where it is necessary 
to carry out pleating it is best to iron the surface down with a warm iron. After 
the prcepeller has been re-fabriced it should be balanced. If the fabric has been 
carefully applied, the propeller should not vary from its original balance to any 
extent, and the balance can usually be restored by the judicious painting of cne 
tip more than the other. If the propeller has to be re-tipped with metal sheathing 
re-balancing on the properly made propeller balance is essential, as the sheathing 
might cause the propeller to be dangerously out of balance. 


Streamline Wires 

These give very little trouble providing the necessary precautions are taken to 
ensure that where they cross they cannot chafe each other, and that the lugs line up 
properly with the wiring plates. If this is not the case breakage of the wire or 
the lug will take place sooner or later. Similar remarks apply to tie rods, but 
as these are usually in a position where they are not easily examined, the enginee: 
must periodically try these by tapping, when slack wires make themselves known 
by rattling. This of course is not possible in machines in which the wires are 
tied together where they cross for electrical or wireless apparatus, and in such a 
case it is better to make a periodical examination by cutting a small opening in 
the plane through which the wire can be felt. 

In all cases where a wire or wires have chafed sufficiently to cause wear they 
should be removed even although the wear is extremely small. 


Cables 

The only defect usually experienced with cables is where they pass through 
pulleys or fairleads. The operator can usually discover when this is taking place 
by passing his fingers along the cable and whenever the cable has fraved to the 
smallest degree it should be removed. A cable in exposed positions occasionally 
rusts, and here again it should immediately be renewed, as although rust can 
possibly be removed from the outside of the cable, it is impossible to determine 


how far it has gone inside the cable. The binding or whipping on the splice 
should be replaced if it becomes loose. The only other point to watch in cables 


is kinking and twisting, which may have serious effects on controls which are 
liable te become slack during flight. 

With regard to spars and longerons, these should be examined in the case 
of exceptionally heavy landings for signs of fracture. Fortunately, fracture of 
varnished members is comparatively easily detected by the presence of white lines 
on the varnish, showing that compression of the fibres has taken place. No attempt 
should, however, be made to splice a new section on to a spar or longeron except 
at the point where a splice has already existed, as the point where the splice can 
occur has been carefully selected by the designer beforehand at the point of least 
load and it is absolutely unsafe for a ground engineer to splice such members 
without definite instruction from the actual designer of the machine. Where one 
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half of a spliced longeron has to be replaced a splice should be made in exactly 
the same manner as previously and afterwards wrapped with glue tape, cr in the case 
ofa longerca, with whipped cerd which is in a good many cases the practice, and, 
in my opinion, the better practice. Whenever cord is used for whipping cach 
turn shculd be secured by a half hitch in order that the whipping may still function 
even if the cord is severed in any one place. 

In the case of a machine which has seen a fair amount of service or even if 
the machine has been in store cr cut in hot weather, shrinkage of the timber may 
produce ‘slack fittings, but providing the timber shows no signs cf distress this 
is quite normal, and the fittings may be tightened up by the bolts holding them in 
pesition, which should cf course be re-machined and re-rivetted. It is inevitable 
that metal fittings, washers, ete., embed themsclves to a certain extent in the 
timber as in tightening up any bolt a certain amount of initial stress is placed 
on the bolt and the softer material naturally gives slightly. 

Clause II. cf the Category for the ‘‘ B *’ Licence draws attention toe the effects 
cf the damage cn metal members and the methods cf repair, also causes cf corrosion 
and the methods of protecting metal structures against internal and external 
corrosion. Tubular struts and stays are the metal members most likely to sustain 
damage and it is usually not possible to make a repair otherwise than by replacing 
the damaged part. In exceptional cases where it is not possible to chtain a 
replacement at once and a temporary repair has to be made, a tube may occasionally 
be repaired by a properly fitted sleeve well pinned, but this can only be carried 
eut under the ‘instructions of someone who is competent to judge of the stresses 
to which such a member ts subjected. Where a new tube has to be fitted, for 
instanee, into sockets or similar end fittings, several precautions must be observed. 
The tube to be replaced must not only be of the same diameter and gauge, but 
also the same specification, as the damaged part. Obviously a strut made from 
5o-ten steel tube could not be replaced by a 35-ten steel tube without reducing 
the facter of safety to a very great extent. 

Where tubes are sweated into the sockets they are usually of T6 or Ti spect- 
fication, t.e., medium carbon steel tubes which do not suffer appreciably from the 
heat used in sweating and soldering. A sweated joint to be properly made requires 
absclute cleanliness in the preparation of the surface to be tinned and sweated 
together. It is net necessary to use a rough file or raw spirit to obtain the required 
degree of cleanliness, as the one will take off too much metal, and it is almost 
impessible to remove traces of the latter. Baker's Fluid or Fluxite are the best 
fluxes to use for tinning, and both should be removed after tinning and before the 
joint is finally sweated up. 

Sweating does not mean running masses of solder into crevices of the joint, 
but should consist of heating already tinned surfaces sufficiently for the surfaces 
to amalgamate with each other. Before the tube is sweated into the socket it 
shculd be thoroughly cleaned and, if possible, painted. In any case it is good 
practice to cil the inside of the tube with clean machine oil, as it will prevent 
oxidisation of the tube internally and assist in neutralising any flux which may 
still be present. Blow lamps should be used very carefully in sweating as even 
low carbon steel tubes and sockets may be reduced in strength if undue heat is 
applied. 

External protection of the metal struts generally used in aircraft presents very 
little difficulty. The great thing is to see that there are no crevices left at the 
ends cf the socketed members or between laminated plate fittings into which 
moisture can enter. 


The standard finish up to the present has been stove enamelling, or good oil 
paint, but this is becoming superseded by the Cellulose Lacquer finish which presents 
a good many advantages. It is considerably more flexible and does not chip to 
the same extent as the stove enamelling ; it requires no stoving or special treat- 
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ment after application, and it appears to have rather more resistance to weather 
conditions than stove enamelling. But on the other hand, it can only be applied 
to a perfectly clean surface, and therefore rather more care is required in its 
application. 

The proprietary varnishes which have been in use to a certain extent in 
pretection of duralumin and aluminium are extremely liable to chip and have a 
poor finish, and the Air Ministry now appear to be taking the view which has 
been held by manufacturers for some time, that a high quality oil varnish, suitably 
pigmented, is preferable. An approved varnish which covers most conditions for 
duralumin or aluminium is that manufactured by Messrs. Ryland. 


It is rather important when dealing with metal members, which are exposed 
to the weather, to see that these are properly sealed against the entry, not only 
of moisture, but even of the air, as if the air is prevented from entering, oxidisa- 
tion even of an unprotected surface does not proceed very far. 


Herr Fokker, who is the pioneer of welded steel construction, welds all his 
tubes sclidly together, and owing to the heat of welding, it is of course impossible 
to protect by painting the insides of the tube beforehand. He is, however, 
extremely careful to ensure that the finished product is absolutely sealed against 
the entry of the air, and he claims that under these conditions oxidisation of 
the tubes occurs to a small extent immediately after completion of the work, but 
the quantity of oxygen inside the tubes is very soon exhausted, and the oxide 
cceating on the inside of the tubes then actually forms a very good preservative. 
His contention would appear to be borne out when fuselages built in this way 
have been sawn apart after five vears and have shown no traces of internal 
corrosion. 


If it is found necessary to replace parts made of duralumin, certain precautions 
have to be very carefully observed with this material. If the part is in the form 
of a flat plate or machined socket, etc., the material may be used as supplied 
by the makers in the heat treated condition. Care must be taken to ensure that 
when fitting it up to the machine the surfaces are well varnished with an approved 
varnish, and in the case of a composite machine that the duralumin is not in 
contact with a joint in the wood which has been glued with cold water glue. It 
this is unavoidable, both the timber and the plate should receive several coats 
of paint before assembling. Casein, or cold water glue, is alkaline in nature 
and readily attacks duralumin and other aluminium alloys, hence the need fo 
precautions just outlined. 


If the duralumin part is in the form of a bent plate, the engineer should not 
attempt to manufacture a fresh part unless he has at his disposal the necessary 
plant and equipment for carrying out the correct heat treatment. 


There are certain departures from this general rule, but at the present time 
it is net considered safe to carry out cold working on duralumin plate without 
special consideration of the design of the particular part involved. Should the 
engineer be faced with the problem of replacing such a part, and lacking the 
necessary equipment, his best plan is to make up a mild steel part which will be 
heavier, but also most certainly stronger, if he uses the same gauge of plate. In 
this connection it should be noted that the above remarks do not apply should 
the engineer have to replace a fitting made from nickel, chrome or other alloyed 
steel. Such a part can only be replaced by a fitting made of the same steel, 
and this can always be identified by a special mark, either S4 cr CNr. 


It occasionally happens that it is necessary for the engineer to replace parts 
of the standard A.G.S, pattern. It is not usually safe to buy or obtain such replace- 
ment parts or spares from any but an’ accredited aircraft or aircraft sundries 
manufacturer, as although the better class of standard engineering bolts is fully 
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equal to aircraft requirements they cannot be altogether relied upon to come up 
to the aircraft standard generally. 

High tensile bolts which are used in positions where a mild steel bolt of the 
same diameter does not give the required strength can always be identified by 
a groove or grooves or special markings drawn round the circumference of the 
head, and these should not under any circumstances be replaced by mild_ steel 
belts, er any other bolts not identical with the part taken out. On at least one 
ceeasion during the war a machine collapsed in the air owing to the fact that mild 
steel bolts had been fitted in place of high tensiie steel bolts. 

Certain machines are still braced with steel piano wire, which incidentally is 
not piano wire, but a high grade high carbon steel wire. Various types of the 
joint shown on the diagram are used for coupling up piano wires, and providing 
care is taken to make loops of uniform radii and not a series of kinks, no trouble 
should be experienced in fitting replacements. 

If it is necessary to change a turnbuckle or wire strainer on either the bracing 
wire or the control cable, care should be taken to see that the strainer is of 
the same A.G.S. number as the old one. If this cannot be seen both the length 
of the thread and the diameter of the pin holes should be checked to ensure that 
the new strainer is identical in strength with that taken out. High tensile steel 
turnbuckles are not nowadays approved and this can be identified by knurling or 
milling round the head of both the eye and the fork end, and if found, should 
be changed at the first opportunity. 

Reverting to piano wires, where such wires are fitted through thin metal 
wiring plates the holes should be bushed with a copper ferrule, and before re- 
placing the wire it is possible to see whether the ferrule requires renewing. ‘This 
is a simple operation which can be carried out. Bushed holes should be slightly 
rounded at the edges. Do not attempt to cpen the hole cut to take the necessary 
copper bush as you may be getting a better bearing for the wires at the expense 
of the strength of the wiring plate. 

Should it be found necessary to carry out acetylene welding, such welded work 
shculd be normalised afterwards to relieve internal stresses of the metal set up 
in the cooling of the welded part. In the absence of a proper heat treatment plant, 
the engineer can satisfactorily carry out this operation by carefully heating the 
fitting to a cherry red colour and keep it at this temperature for a matter of ten 
minutes or so. Any greater heat than this will cause considerable damage to the 
steel and cannot be permitted. 

Brazing is not nowadays used to any great extent in aircraft construction, and 
such brazing: as is used is done by the dip brazing method in which the paris to 
be joined are coated with flux and dipped into melten brass’. Where the engincer is 
te repair a brazed part he would in my opinion be well advised to employ what 
is known as silver solder, which is a considerably more expensive material but 
has the advantage of melting at a lower temperature while retaining a higher 
strength, than ordinary brazing spelter. 


Silver soldering requires no special skill. The parts to be silver soldered 
together must be cleaned and well coated with a thin paste cf berax and water, 
er better still, boron, a compound sold for brazing and silver seldering. The 


parts should be well heated with a blow lamp or blow pipe to a dull red colour, 
the flux being well rubbed in to the joints meanwhile with a flattened rod. The 
silver solder which is usually supplied in strip form may then be worked in, the 
best method of applying it being to clip it in the end of a small tube or split rod. 
Only sufficient heat to well melt the solder should be used, as excessive heat will 
damage the solder and prevent the formation cf a perfect joint. 

After silver soldering, the job shoufd be allowed to cool slowly and not dipped 
in water to cool it as I have seen done, as this cooling will probably injure the stecl, 
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and will certainly make the brazed joint extremely brittle. The silver soldering 
should also be employed for copper pipe connections where they are used, and 
for these even still greater care is required in the application of the heat. Further- 
more, great care is required in applying spelter as any excess of metal has to be 
cleaned off, and cleaning up 20 gauge copper pipes is an operation that calls fer 
very great care. 

Copper pipes should always be annealed after working and before fitting them 
into the machine, and this is best carried out by heating until the metal becomes 
dull pink in colour, and then quenching in water, but when pipes have cennecticns 
brazed to them I consider it is safer to omit the quenching in water, as although 
this results in a pipe which is not quite so soft, the danger of rendering the silver 
soldered joint brittle is avoided. 

The best method of copper pipe coupling, and one which is uniformly used 
nowadays wherever possible, is known as the Air Ministry Coupling, which uses an 
expanded ¢nd and a conical nipple to form the joint. This makes an extremely 
satisfactory coupling, and the only special points to watch are to sce that the tube 
is softened before the expansion of the end is carried out; to see that the end 
has expanded squarely with the bottom of the tube; to avoid the use of sharp 
edges in making such a squared end, and to anneal the pipe after such an operation 
has been carried out. 

Copper pipes carrying oil or water connections should be beaded at the ends, 
this, in my opinion, being preferable to the use of an olive. This beading, how- 
ever, requires carrying out with care and can most easily be done by the use of 
a tool which can be held in a vice. Should the engineer lack the necessary 
appliances to bead on the end of a pipe, he can make a very good substitute by 
obtaining a ring turned from brass and sweated to the end of the pipe. This is 
just as satisfactory providing the sweating is properly carried out, otherwise it is 
perfectly useless. 

The Air Ministry Instructions regarding copper pipes state that they should 
be removed from the machine and annealed every too hours flying, and I consider 
that this is a very necessary requirement. It is also essential that the engineer 
should not depart from the general shape cf the pipes in any machine if he has 
to replace them, as the form of pipes, particularly near the engine, has often been 
arrived at after trying several shapes to prevent breakages due to vibraticn. 
The only other pipes on an acroplane likely to require attention cor replacement 
are the aluminium pipes coupled to the pitot head in the air speed indicator, and 
for the joining of these I would invariably recommend the use of three-ply petrel- 
resisting rubber hose. This is more expensive than the thin red rubber tube 
supplied and called for by the Air Ministry, but it makes a far more satisfactory 
job and probably has ten times the life. It is also not so lable to accidental 
damage or tearing as the thin red rubber, and also it does not require the use cf 
gold size, etc., to make a good joint. Where gold size is used it should be used 
very sparingly to ensure that it does not get inside the pipes, as a stoppage in 
the pitot head tubes would lead to inaccurate readings on the instruments, which, 
in the case of a pilot who depends upon his instruments, might have fatal results. 

In the case of rubber tubing used for the pitot pipe joints of machines with 
folding wings, where the tubes have to be capable of bending considerably during 
the process of folding, either petro-flex armoured internally and externally, er thin 
red rubber tubing with internal armouring of steel wire, should be used. Un- 
armoured tube is useless, and the kinks set up in folding will quickly lead to either 
cracking of the tube or a stoppage, resulting in unsatisfactory reading of the 
instruments. 

While on the subject of rubber tubing it does not appear to be usually known 
that this can be cut and trimmed much more easily if the cuttyyg blade is moistened 
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with water, or the tube is dipped in water beforehand. A far cleaner cut can 
be made in this way than with a dry blade, and with far less damage to the edge 
of the knife. It should be unnecessary to make any comment on the repair of 
the inner tubes of aeroplane wheels, but it can be pointed out that no attempt 
should ever be made to repair an outer covering which has become damaged. 
Aeroplane tyres absorb a considerable part of the landing shock, and a burst tyre 
can have, and has had, very serious consequences on the landing, and no chance 
should be taken ; faulty covers should be scrapped and replaced by new ones. 
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BRANCH NOTICES 


YeEOviIL BRANCH 


WESTLAND AIRCRAFT SOCIETY 
Hon. Secretary: V. S. Gaunt, Eso. 


Minutes of Second Annual General Meeting held on October 17th, 1927, 
at 5.45 p.m. 


Mr. Bruce took the chair and addressed the Mecting as follows : 

This is the second pre-season Meeting of the Westland Aircraft Society, and 
in the first place I must congratulate you most heartily on the success which 
was undoubtedly made of your effort last season, and | sincerely hope that the 
initial effort will not be wasted, but that we shall have an equally good effort 
this year. I see no reason why we should not. 

We shall, I suppose, as long as we have an Aircraft Works dependent upon 
Government orders have vicissitudes or ups and downs, and the number ot! 
people employed will vary, as sometimes we are busy, sometimes not. 

We are making great efforts to find other scope beyond that of supplying 
the Government with aircraft, but of course that source must be something ot 
slow growth. We cannot leap into fame suddenly ; we have to earn our way by 
good work which will be appreciated, and then of course we have to wait for the 
awakening of the world to advantages of aircraft for other purposes than those 
of destruction. That awakening is taking place, but we must not expect it to 
be of abnormal growth, but it will have grown more strongly because it is not of 
mushroom growth. 

I hope that the same support will be given to the Society this year as last 
year. I think we are entitled to congratulate ourselves upon having started a 
branch of the Royal Aeronautical Society which | think, without unduly flat- 
tering ourselves, we can say is certainly as vigorous a growth as any other 
branch in the kingdom. I believe that numerically we do not stand first, but I 
have heard statements that we are the most energetic group or branch of the 
Royal Aeronautical Society, and if this is a reputation which is justly due to us 
and fairly earned, I should like it to be maintained if we possibly can, and | 
think the first thing to do is to ask everybody who is here to join the Society 
again, and not only to join themselves, but to spread the gospel amongst those 
who are not members of the Society. 

I want you to go to your mates and fellow workers and explain to them 
the undoubted advantages which accrue to those who belong to the Society, 
which after all can do still more useful work and still more varied work if we 
get the necessary support. 

With those few remarks I will ask the Secretary to make his statement. 

The Secretary then read his statement, as already circulated, and added 
that there would be only one series of lectures held during the coming Session 
and the following had already been arranged for : 

November 2nd, 1927.—‘‘ The History of the Turret Lathe,’’ by Messrs, A. 

Herbert's Representative. 
November 23rd, 1927.—‘‘ My European Tour,’’ by Squadron-Leader the 


Hon. R. A, Cochrane, 
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December gth, 1g27.——-** .\irserews,”’ by W. Park, isa: 

Early February, 1928.——*' Performance ‘Testing of Aircraft,’ by H. A. 
Stevens, Esq. 

Definite date to be arranged.——‘* Inspection of Aireraft; Construction,’ by 
an A.I.D. Headquarters Representative. 

Definite date to be arranged.—* The Water-cooled Aero Engine,”’ by Rolls 
Royce Representative. 

Definite date to be arranged.—** Sir Henry Bessemer,”’ by Mr. R. J. Norton. 

Definite date to be arranged.—‘* Wireless,"’ by Mr. Hooper, of the An 
Ministry. 

Definite date to be arranged.—-** Inspection of Components,”’ by Mr. R. 
Taylor. 


At the conclusion of the Secretary's Report the President said he thought 
the statement was satisfactory and the only important remaining item to discuss 
was the financial position, and he therefore called upon the Treasurer, Mr. 
Johnston, to read his statement. 


This was read by Mr. Johnston, who said that in submitting the report 
he was pleased to be able to announce that the Society was carrying forward a 
balance of £6 3s. 6d. The receipts amounted to £.62 3s. 1$d. and the expenses 
to £655 19s. 74d., leaving a balance in hand of £6 3s. 6d. Mr. Johnston added 
that the accounts had been audited and found correct by Mr. Mountain, the 
firm’s Assistant Secretary. 


Mr. Bruce commented on the Balance Sheet by stating that he noted that 
of the balance in hand, /.c., £0 3s. Od., the entrance fees were responsible for 
£5 16s., and as these entrance fees would not reappear in future vears, except in 
respect. of new members, it would be seen that assuming the Society was run 
with the same financial skill as in the past vear and with the same membership 
and programme, we should have no balance in hand. 


Mr. Bruce remarked that he did not see that we need work for a balance 
so long as we kept the Society financially sound, and in this connection called 
attention to the Secretary’s remarks regarding the possible increase in lecturers’ 
expenses. For these reasons it was essential that every member should be 
active in endeavouring to induce further members to join. He then asked i 
there were any comments to be made on the statement and would be glad if 
members would kindly make them; failing that, if the statement be considered 
satisfactory, would someone propose its adoption, 


Mr. Keep then proposed that the Treasurer’s statement be adopted. This 
was seconded by Mr. Gibson and carried, 

The Chairman mentioned the work of the Secretary and expressed the 
Society's appreciation of the work done by him during the past session. Mr. 
Bruce then left the chair in order that the members present could elect the 
President for the coming Session. The Secretary then proposed that Mr. Bruce 
should be re-elected, as he had helped the Society considerably during the past 
Session both financially and otherwise, and he was sure we could not find a more 
suitable President. This was seconded by Mr. Colson and carried. 

Mr. Bruce returned to the Presidential Chair and thanked the Meeting 
for re-electing him as President. He then proposed that Mr. Gaunt should be 
re-elected Secretary and this was seconded by Mr. Taylor and carried. 

Mr. Gaunt thanked the Meeting for his re-election and for the remarks ot 
the President, and in this connection wished to express his appreciation of the 
help given by the Committee and also the services rendered by Mr. Penrose, 
who was acting Hon. Secretary whilst he was away on the firm's business, 


= 
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\lr. Bruce said that in view of the large amount of work involved, he 
thought that it was necessary we should have an Assistant Secretary, and theres 
fore invited suggestions for this post. 

Mr. Davenport proposed that Mr. Penrose should be elected as Assistant 
Secretary and this was seconded by Captain Hili, and carried, 

Mr. Bruce invited nominations for the post of Treasurer. Mr. Keep 
proposed that Mr. Johnston should be re-clected. This was seconded by Mr. 
Wells and carried. 


Mr. Bruce said that the next item was to elect a Committee of six 


with powers to co-opt. The names of the present Committee were read out to 
the Meeting and nominations invited. Mr. Digby proposed that the Committee 
should be re-elected en bloc. This was seconded by Mr. Bonnet and carried. 


Mr. Gibson proposed that Mr. ‘Taylor should) be asked to join the 
Committee. This was seconded by Mr. Keep and carried, 

The Chairman invited) suggestions and remarks for the improvement 
of the Society. 

Mr. Davenport asked what evenings had been arranged for the lectures. 
The Secretary replied, Wednesday as far as possible, but some lecturers. pre- 
ferred Friday because of the proximity to the week-end, and this day may 
therefore in some cases be resorted to, whilst in other cases we may even have 
to arrange for the lectures to take place on Monday evenings. After some 
discussion as to the most suitable evening it was decided that there are so many 
factors which affect the question that it would be preferable to leave the matter 
entirely in the hands of the Committee, who would arrange the matter, as it will 
be impossible to please everybody. Mr. Bruce asked whether there were any 
objections to this course and none were raised. 

Mr. Colson then proposed that somewhere near the end of the Session some 
form of mock ground engineer’s examination should be held. The Secretary 
replied that this matter had already been discussed by the Committee and such 
an examination would be arranged. 

Mr. Bruce asked the Meeting if they would care to make any comments as 
to the type of lectures they most preferred. Mr. Keep added that perhaps. it 
would be easier if members would state whether they preferred last Session’s 


series of ground engineers’ lectures or the general interest lectures. There were 
no comments immediately forthcoming. ‘The Chairman therefore invited any 


members who had any strong views on the subject to kindly write to the Secre- 
tary, who would bring the matter before the Committee so that it could be fully 
discussed. 


This concluded the business of the Meeting. 


Siatement Read at the First Meeting, 1927-8 Session 


The Society was formed on October 18th, 1926, and the membership has 
gradually increased until it now stands at 142. This figure is, however, inclusive 
of several members who are no longer in Yeovil, and it is feared that we may 
lose a proportion of these when we endeavour to collect the subscriptions now 
becoming due. 

Past Activities.—During 1926-7 we had nine general interest lectures and 
eighteen lectures for prospective ground engineers. Of these, fourteen have 
been reproduced in Roneo form and have met with a ready sale, not only amongst 
our own members, but also amongst other aircraft engineers in various parts of 
this country and abroad. 


In December, 1926, we were accepted as the Yeovil Branch of the Royal 
Aeronautical Society, and that body has seen fit to publish several of our lectures 
in its Journal. 


| | 
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Magazine Club.—This club has been most successful, no fewer than 65 
members taking part, and the following magazines are now circulated weekly : 
Flight, 6; Aeroplane, 8; Aviation, 3; Engineering, 2; Machinery, 1. 

Thanks are due to the various group representatives who have been 
responsible for the collection of money for each Journal. Changes in members 
comprising groups have necessitated rearrangement from time to time, and a 
slight loss has been sustained, due to certain groups falling below strength. 


Financial Status. —We have a little cash in hand as a result of our first 
year’s working, but it is only fair to add that all members paid 1/- entrance fee 
as well as the annual subscription of 2/6, and this, together with the generosity 
of our President and the help of the firm in various forms, has enabled us to 
present a satisfactory balance sheet. 

The reproduction and sale of lectures has resulted in a loss, largely due to 
the departure from this locality of a number of members who promised to pur- 
chase copies. On the other hand, a number of these copies will be disposed of 
during the coming Session as we still have postal inquiries for them, and new 
members will, no doubt, be glad of the opportunity to purchase back numbers. 


RECEIPTS. 


d 
Annual Subscription, 117 Members at 2/6 ... 
Entrance Fees, 116 Members at ... 5 16 0 
Foreign Members, at ... 10 0 
Sale of Old Magazines s, ad. 
leroplane at lid. ... 9 103 
Aviation at 2d. 2 & 
1 3 7% 


EXPENDITURE. 


Lecturer’s Expenses (Travelling and Hotel) $3 6.4 
Sundry Expenses (Postages, Books, Rubber Stamp, Cheque Books, etc.) 3 18 63 
Printing of 200 Membership Cards 10 0 
One Year’s Subscription for Aviation (three copies) 317 3 
Copying of Lectures— Ss. 
Messrs. Petters, Ltd, 15 10 3 
Miss A. White : 114 3 
7 424.6 
Hire of Lantern (two oceasions) 1 0 0 
Eleetrie Are $54 5 one ove 2 10 0 
55.19 73 
Cash in hand at N. & P. Bank, Ltd. 6 3 8 


The Future.—lt is hoped to maintain interest and encourage new members 
by holding a further series of lectures during the coming Session. So far nine 
lecturers have promised their services, and others are being approached shortly. 
It has been suggested that, in view of the fact that many members desire to 
attend night classes, it will be advisable to have a maximum of one lecture per 
week. 


£62 3 
£62 3 1! 
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It is almost certain that our expenses for the coming Session will exceed 
these for the past Session due to the following facts : 

(1) We shall need to look further afield for our lecturers, and in most 
cases out-of-pocket expenses at least will have to be offered. 

(2) As members become dispersed our correspondence expenses — will 
increase. 

(3) The expansion of our Society will, it is hoped, lead to an extension of 
our activities. 


MANCHESTER BRANCH 
Hon, Secretary: A. D. ScarLett, Esq. 
Mr. H. B. Taylor will give a lecture before a combined meeting of the 
Manchester Branch of the Society and the Manchester Branch of the Institution 
of Aeronautical Engineers on November 23rd. The lecture, which will be 
illustrated, will be on ‘‘ The Design and Development of the Compression- 
Ignition Engine.”’ 


COVENTRY BRANCH 


Hon. Secretary: MrAbows, Eso. 


A number of lectures are being arranged for the present Session. On 
October 28th, Major Buchanan lectured on the Schneider Trophy Race. 9 Mr. 


J. D. Siddeley, C.B.E., was in the chair. 


HaLTON BRANCH 
Hon. Secretary: F/O. W. FF. SHAyLor. 

Flying Officer W. F. Shaylor nas been appointed Hon. Secretary in place 
of Captain Fanstone, who has recently resigned. The Branch now consists of 
some 1,500 members and a lecture programme is being arranged for the winter 
months. 

The Halton Aero Club is a Service club founded in December of 1925 
among the staff and apprentices at Halton, the Training Centre for Aircraft 
Apprentices in the Royal Air Force. 

The club was formed with the object of increasing the interest of both the 
staff and the boys in their work by designing and building machines of our 
own and entering them in such competitions as might occur. 

It was also considered that the building of a machine of original Halton 
design would help to promote a healthy interest in the design and construction 
of experimental aircraft, which might lead to far-reaching results in the future. 

At the present moment there are 1,500 members of the club and the total 
amount raised by voluntary subscription exceeds £/250. 

The H.A.C.1, or ** Mayfly,’’ was designed by the school educational staff 
and built in the workshops, largely by the apprentices, under the supervision and 
with the help of officers, N.C.O.’s and civilian instructors. 

The H.A.C. was first flown at Bicester on January 3tst of this vear by 
Flight Lieutenant Le Poer Trench. On March it the official flight trials were 
successfully carried out at Bicester and the certificate of airworthiness issued. 


The official top speed was ... mips he 


Since that date the performance has been improved by the construction of a 
new set of wings incorporating internal controls and by fitting drag wires; also 
the engine cowling has been re-designed and in consequence the top speed of 
the machine has been raised to 80 m.p.h, 
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The H.A.C.1 was flown for the first time in an open competition at the 
Hampshire Light Aeroplane Meeting at Hamble, on May 16th, winning the 
President's Gold Cup and in cash. It has since participated in meetings 
at Bournemouth and Bristol, the King’s Cup Race, and meetings at Nottingham, 
Liverpool and Sherburn, winning the Selfridge Challenge Cup at Bristol and the 
Leeming Cup and £-45 at Liverpool. 

The club differs in many respects from other light aeroplane clubs in_ the 
country, inasmuch as its objects are academic as apart from flying. The only 
flying member of the club at the present moment is Flight Lieutenant Le Poer 
Trench, who has piloted the machine in all its flights. The insurance factor at 
present debars other pilots. ; 


LEEDS BRANCH 
Hon. Secretary: T. M. Naytor, Eso. 


The next lecture before the Branch will be held on Monday, November 28th, 
when Professor B. M. Jones, M..A\., F.R.Ae.S., will lecture on ‘* The Control 
of Stalled Aeroplanes.”’ 


REVIEW 


Jahrbuch der Wissenschaftlichen Gesellschaft fur Luftfahrt, 1926 (Germany) 


Report of the annual meeting and lectures given by members. 


Dr. Rumpler develops a trans-Atlantic flving boat, weighing 250,000 Ibs., 
on the principle of uniform load distribution and unlimited span. The proposition 
has been fully worked out, including model results and detailed calculations of 
the wing and hull structure. It is a very interesting contribution towards the 
trans-Atlantic problem and Dr. Rumpler’s flying boat seems to be a_ serious 
competitor to the long-distance airship, 

Dr. Rohrbach gives his experience in the production of light metal aircraft, 
specially as regards materials and workshop methods. 

Further lectures deal with :—Photographical timing for landing and getting- 
off of aeroplanes; tail flutter and how to prevent it; interference of wing and 
propeller; deformation of propeller blades, theory and experimental determina- 
tion; design of flying boat hulls and seaplane floats; measurements of profile 
drag on full scale and model, which should be very valuable for a comparison 
with the American his 


pressure wind channel results. The method was 


] 
developed by .\. Betz and is based on pressure distribution and velocity. measure- 


ments round the acrofoil, the profile drag being calculated direct from the loss 
of energy of the airflow. 

Most of these articles are written by prominent members of the German 
aeronautical world and give a good idea of the scientific and practical work done 
in that country. 


a 


